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TO 

THE SECOND EDITION. 


ALTnouaH I have hod no occasion to be dissatisfied 
with the reception given to the first edition of this 
work, yet I liave found reason to believe that por- 
tions of the original work were too difficult for the 
general reader, I have therefore removed from the 
present edition the matter relating to details of the 
lunar theory (leaving the general account of the moon’s 
motions) and also the more difficult parts of Chapter 
III. The illustrations, which in the former edition wore 
arranged in plates of diagnuns,lithogra]ihed, appear here 
ns woodouts. 

The last chapter, on the moon’s physical condition, 
has been considerably enlarged 

Ricoard a, Prootor, 

Lokdon I July 1678. 
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THE MOON. 


CHAPTER I. 

THE MOON I DISTANCE, SIZE, AND MASS. 

ALfHOUQH the 8un must undoubtedly have been the 
first celestial object whose movements or aspect at- 
tracted the attention of men, yet it can scarcely be 
questioned that the science of astronomy had its real 
origin in the study of the Moon. Her comimratively 
rapid motion in her circuit around the earth afforded 
in very early ages a convenient measure of time, The 
month was, of course, in the first plaoe, a lunar time- 
measure. The week, the earliest division of time (ex- 
cept the day alone) of which we have any record, had 
also its origin in the lunar motions. Then the changes 
in the moon’s upiiearance ns she circles round the earth 
must have led men in very early times to recognize n 
distinction between the moon and all other celestial 
objects. While inquiring into the nature of these 
changes, and perhaps speculating on their cause, the 
first students of the moon must have soon begun to 
recognize the fact that she traverses the stellar vault 
(oi" B 
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SO as to be seen night after night among different star- 
groups. To the recognition of this circumstimce must 
be ascribed the origin of astronomy properly so called. 
Until the varying position of the moon among the 
stars had been noticed, men must certainly have failed 
to notice the changes in the aspect of the stellar 
heavens night after night throughout the year, In 
examining the moon’s motions among the stars, they 
must have been led to study the anirual motion of the 
stellar sphere. Thence presently they must have 
learned to distinguish between the fixed stars and the 
planets. And gradually, as the study of the stars, the 
moon, and the planets continued, the fimdamenlal 
problems of astronomy must have presented themselves 
with increasing distinctness, to be for centuries the 
object of ingenious speculation, more or leas based on 
the actual results of observation. 

It would be difficult to form just ideas respecting 
the order in rvhich the various facts respecting the 
moon and her motions were ascertained by ancient 
astronomers. Indeed, it seems probable that among 
the different nations to whom the origin of astronomy 
has been attributed, the moon’s changes of appearance 
and position were studied independently, the order of 
discovery not being necessarily alike in any two cases. 
We are free, therefore, in considering the knowledge 
of the ancients respecting the moon, to choose that ar- 
rangement of the various facts which seems best suited 
to the requirements of the student. 

The first, as the most obvious peculiarity of the 
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moon, is that continually varying aspect wliich has led 
men in all ages to select the lunar orb as the emblem 
of change. ‘The inconstant moon, that nightly 
changes in her circled orb,’ must, in the fu-st place, 
have appeared as a body capable of assuming really 
diiferent shapes; and it is far from unlikely that this 
apparent evidence of power, associated with the moon's 
rapid change of place among the stars, may have led 
to the earliest forms of Sabcennism. Yet in very early 
times the true explanation of the peculiarity must 
have been obtained. The Chaldioan astronomers un- 
doubtedly recognized the moon as an opaque orb, 
shining only because relleoting the sun’s light; for 
otherwise wo should bo unable to explain the care with 
nhich they studied the moon’s motions in connection 
with the recurrence of lunar and solar eclipses. Their 
famous cycle, the Saros (of which I have spoken mors 
particularly in my treatise on Saturn), shows that they 
must have paid very close attention to the moon’s 
movements for a long period before the Saros was 
determined, and for a much longer period before tho 
cycle was inndo known to other astronomers of ancient 
times. Moreover, as they recognized in tho moon the 
occasion of solar eclipses, though they could see her 
waning ns slie approached the sun’s place, and wnxing 
from tho finest orescent of light after iwssing him, it is 
clear that they must have understood that the lunar 
phases indicate no actual change of shape. Nor can 
wo imagine tliat ronsoners so acute ns tho Clialdoenn 
astronomers failed to recognize how all the pluisea 
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could be explained by the varying amount of the 
moon’s illuminated hemisphere turned at different 
times to\Yarcl8 the earth 

Quito early, fchoa, the moon mu^b have been recog- 
nized as an opaque globe illuminated by the sun* It 
would be understood that only one half of her surface 
can be in light. And apart from the fact that the 
moon was early recognized as causing solar eclipses by 
coming between the earth and the sun, it would bo 
understood by the fineness of her sickle when near the 
sun’s place on the celestial vault that she travels in a 
path lying within the sun’s. That fine sickle of light 
shows that at such times the illuminated half is turned 
almost directly away from the earth ; and therefore the 
illuminating sun must at such limes lie not far from 
the prolongation of a hue carried from the earth’s 
centre to the moon’s* 

It is not improbJtblej indeed, that the acute Chal- 
deems deduced almllav inferences x'espeebing the moon s 
nature from a careful study of her face } for the fea- 
tures of the moon when horned or gibbous obviously 
correspond with those presented by the full moon, in 
such sort that no one who considers the phenoraenou 
attentively oan doubt for a momeut that the moon 

'It Is raraarkivblo, howovor, that Amtiia, writing about 2B0 n.O., 
long aftei* tbo tlrao when fcho OhaldDans oitabllshocl tholr systom oE 
astronomy, roEors to tho lunar phasos la a way which Implies oltlior 
ignorance or forgotCulno^s of tholr real cause j for ho speaks of tuo 
slgnifioanoo of the position in which tho liorns of tho now moon 
are seen, rogarclltig this position, though obviously a nooossary 
consequence of the position of the sun and mooU) as in Itself a 
weather poi'touU 
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undergoes no real change when passing through her 
phases, It may also bo imagined that the same astro- 
nomers who rccognisjed the fact that Mercury is a 
[ilanet, though he is never visible except in strong 
twilight, must have repeatedly observed that the whole 
orb of the moon can be seen when the bright part is a 
more sickle of light. Nay, it is even i)ossible that in 
the clear sides of ancient Chalcloea ^ the chief lunar 
features might bo discerned when the dark half of the 
moon is thus seen. 

The comparative nearness of the moon was probably 
inferred very early from her rapid motion of revolution 
around the earth. Almost as soon ns observers noticed 
that the celestial bodies have different apparent mo- 
tions, they must have learned that the moon’s daily 
change of place among the stars is much greater than 
tlmt of any other orb in the heavens. It would seem 
almost, from the distinction drawn in Job between the 
sun and the moon, that for some time the moon was 
regarded as the only body which actually moves over 
tlie celestial vault 5 for ho says, ‘ If I beheld the sun 
Avhen it shined, or the moon walking in brightness* 
(Job xxxi. 26); and the recognition of the sun’s an- 
nual circuit of the heavens most probably preceded tho 

M(i la not very easy to clotovmino wlmt was llio true alto of Dm 
region apokoa of In JiuUth (v. 6)1 ns tlio land of Dio ClmUlionna, 
Tho vorso horo roforrod to sliowa clearly tlmt tho region was not in 
Mesopotfunin, natvonomicnl conskloriiUons 1 )mvo boon led 

to Buppoao Dmt tho lirst Clmldivnn obaorvora occupied n region 
oxtoiicllng from Mount Arnrnt noitlnvnrd ns fnr ns Dio CauenDan 
rniigo. Boo Appendix A to Suivm Mid iU tSpievii nud llio Intro- 
duction to my Otfontonic 
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liiul reivurdecl Aristarchus, hut the second by a method 
which was probably very successful in his hands, though 
it is from his successor Ptolemy that we learn the 
actual results of observations applied according to the 
ideas of Hipparchus. 

It would appear that the scrutiny of the moon’s 
motions,— with the object of determining her path 
among the stars, and the exact laws according to which 
she traverses that path,— led Hipparchus to attack the 
problem of determining the moon’s distance. We 
know that bis observations were so carefully pursued 
that he determined the eccentricity of the moon’s path, 
and its inclination to the sun’s annual path on the 
slar-vnult. It is also highly probable that he detected 
a certain peculiarity of the moon’s motion, called the 
evecHoTif which will be described further on. Whether 
this is BO, or whether the discovery should be ascribed 
to Ptolemy, it is certain that the labours of Hipparchus 
could not have led to the results actually obtained, 
without his having noticed certain effects due to the 
relative nearness of the moon as coinpared with the other 
eolQBtial bodies. The study of these effects probably en- 
abled him to form a fair estimate of the moon’s distance. 

We have, however, no record of the results actually 
obtained by Hipparebus, and we must turn to the 
pages of the great work, the ‘ Almagest,’ written by 
Ptolemy about two centuries and a half later, for the 
first exact statement respecting the moon’s distance 
and the means used for determining it by the astrono- 
inoi's of old times. 
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TIio fundamontal principle on wWoh the measure- 
ment of tho distance of any inaccessible object depends, 
is a very simple one. If a base-line (A B, fig, i) 
bo measured, and the hearing of the inaccessible 
object C from A and B,(that is, the direction of the 
linos A C, B 0 , as compared with the line A B) bo 
carefully estimated, then the distances A C and B G 
can, under ordinary circumstances, be determined. 
For, in tho triangle A B C, wo know the base-lino 
A B, and tho two base angles at A and B; so that 
111 0 triangle itself is completely determined. Therefore, 
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the ordinary formul® of trigonometrical calculation, — 
or ovon a caroful construction, — will give us the sides 
A C and B 0 . 

If in all such cases we could determine A B and tho 
base angles at A and B exaclly, we should know tho 
exact lengths of A 0 and B 0 . But even in ordinary 
CI1808, each observation must he to some extent, greater 
or loss, inexact. Accordingly, the estimated distance of 
llio object must bo regarded as only an approximation 
to tho truth, Sotting aside mistakes in the measure- 
mont of the base-line, mistakes in determining tho 
angles at A and B will obviously affect more or less 
seriously the estimate of either A C or B C. And a 
very brief consideration of tho matter will show that 
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the greater the distance of 0 as com 2 :)ared with the 
base-line A B, — in other words, the smaller the angle 
G, the more serious will be the effect of any error in. 
the observation of the angles A and B, 

The difficulty experienced hy the astronomer in the 
application of this direct method to the determination 
of the distances of celestial objects, consists chiefly in 
this: that his base-line must always be exceedingly 
small compared with the distance which he wishes to 
determine. It is, indeed, only in the case of the moon 
that the astronomer can apply this method with the 
least chance of success i and even in her case the 
problem is by no moans an easy one. We shall see 
presently that the distance of the moon exceeds t]\o 
earth^s diameter in round numbers some thirty times. 
If the reader draw a figure, as in fig. 1, but so that 
each of the lines A C and B C is about thirty times as 
long as A B, he will see that the angle at C is very 
small, insomuch that a very slight error in the deter- 
mination of either of the base angles at A and B would 
lead to a serious error in the estimate of the distance 
of C, oven supposing a full diameter of the earth could 
be taken as the base-line. 

When we remember that the ancient astronomers 
were unable to undertake long voyages for the pur- 
pose of determining the mooiVs distance, and that, even 
though they could have sot observers at widely distant 
stations, they hnd not the requisite acquaintance with 
the geographical position of different places to know 
^vhat base-line they were making use of, it may upi:>ear 
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aurprishig that Hipparchus or Ptolemy should have 
l5oen able to form any satisfactory estimate of the 
moon’s distance. But Hipparchus showed how the 
nslronoiner could deal with this problem without leaving 
his observatory. The earth’s daily rotation carries the 
astronomer’s station each day round a vast circle, and 
ho has l)ut to notice the effect of this motion on the 
moon's position, to be enabled to form almost ns satis- 
factory an estimate of her distance as by observations 
made at stations far apart. It is true that Hipparchus 
probably (and Ptolemy certainly) regarded the earth us 
fixed. But it is a matter of no importance (so far as 
the problem of determining the moon’s distance is con- 
cerned) whether we regard the daily rotation of the 
moon with tho colesliul vault as due to the motion of 
the hcavous themselves around the fixed globe of tho 
earth, or as brought about by the rotation of the earth 
upon her axis. 

Let us now oonsicler the features of this method 
attentively : — 

In the firnt place, lot us conceive the moon M, fig. 2, 
to be at rest on the celestial equator, c E e' being tho 
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earth’s equator, and P the earth’s pole. Then, a place 
at e' is carried by the diurnal rotation round tho circle, 
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e 1? If II e and M e' touch the circle c E e' E', then, 
when the place is at c, the moon is seen on the horizon, 
due east ; and when the place has been carried to o', the 
moon is again on tho horizon, but clue west. When 
the place is at E, midway between e and c', the moon 
(under the imagined conditions') is immediately over- 
head, Thus, tho moon rising duo east, passes to the 
point overhead and onwards to the west, where she sets. 
But it is clear that the moon^s apparent motion in pass- 
ing across tho sky, from the ea»stern to tho western 
horizon, is not uniform, ns seen from the globe E E\ 
Tho arc e E e' is obviously less than a semicircle ; in 
other words, tho moon, under tho imagined conditions, 
completes her course athwart the heavens — a seeming 
halMrclo—in less than half n day, while she is below 
the horizon (completing tho other seeming half of tho 
circle) for more than half a day. By noting how much 
less the arc e E c' is than a semicirclo the relation of 
the distance P M to E P can be at once determined. 

It is obvious that although atmospheric refraction 
causes the moon^s apparent place, when she is near tho 
horizon, to be somewhat higher than tho place she 
would have if tho atmosphere did not exist, yet this is 
n oiroumstancG which tho astronomer can take fully into 
account; since it is in his power, by observing tho stars, 
to determine the exact value of atmospherio refraction 
on celestial bodies at different altitudes. 

This method of determining tho moon’s distance is 
not the less available that the moon is not at rest, Tho 
observer can apply to tho moving moon precisely the 
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Ecime considerations ■wliich he would apply to the moon, 
regarded as at rest 4 He would still be able to compare 
together the periods during which the moon is above 
and below the horizon, since her own motion would 
cmse both those periods to be correspondingly affected. 

The actual problem is rendered somewhat less 
simple by the fact that the moon’s motion takes place 
in a path inclined to the plane of the circle 6 li. <i\ But 
it is obviously in the power of mathematics to take into 
consideration all the effects due to the moon’s real 
motion, and thus, as in the simpler ease imagined, to 
deduce the relation between E P and P M. 

But wo may now look at the problem in a somewhat 
different light. Hitherto we have only considered the 
effect of the earth’s size in causing an apparent want of 
uniformity in the moon’s mte of motion. We can sec, 
however, from fig. 2, that what in reality happens is that 
the moon is not seen in the same direction from points 
on the earth’s surface as from the centre of the earth ; 
and that the apparent displacement is greater or less 
according as the moon is nearer to or farther from the 
horizon. She is seen in the same direction from E as 
from P. But when she is scon from e or e' she is seen 
as though ninety degrees from the point overhead, 
whereas, as seen from P, she would bo less than ninety 
degrees from that point ; that is, she is seen from E 
lower down than she is in reality. 

But it is clear that this is equally true, wherever 
the station of the observer may bo. The moon is 
always seen below the iilace she would occupy if she 
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could be observed from the earth^s oentre, except when 
she is actually overhead ; and she is more depressed the 
nearer she is to the horizon* 

Thus lot M, fig. 3, represent the moon’s place when 
she 13 60 degrees above the horizon j then, as seen 


Pig. 3. 
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from P, she would lie in the direction P M ; but from 
E she is seen in the direction I! which is the same 
ns P m (drawing P m parallel to E M). Thus the 
actual displacement, measured as an arc in the heavens, 
is represented by the arc M m. The displacement 
when the moon is on the horizon is represented by the 
arc Mji which is clearly greater than M m. If M' 
represents the moon’s idace when she is 70 degrees 
above the horizon, then M' her displacement, is 
less again than M m* 

This displacement is called the lunar parallax, and 
the displacement when the moon’s centre is on the 
horizon is called the lunar horizontal parallax* 
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Now the moon’s apparent diurnal path at any 
station on the earth would precisely resemble the 
apparent diurnal path of a star at the same distance 
from the polcj if it were not, fivstf for the moon s 
actual motion amongst tho stars, and secondly, for this 
effect, by which she is depressed below her true place, 
more or less according as she is nearer 'to or farther 
from tho horizon. The first circumstance could be 
taken into account so soon as tho general course of 
the moon’s motion came to be known. Her true path 
among tho stars at any particular time could be ascer- 
tained. And then it would only remain to determine 
how much she seemed to depart from that path when 
on tire horizon, and again when high above it. This 
could be done by means of any contrivance which 
would enable the observer to follow tho moon in the 
same way that tho sun or a star can bo followed, by 
means of a suitable pointer, carried round the axis on 
which tho celestial vault seems to I’otato in what is 
called tho diurnal motion ; that is, around an axis 
directed to tho true pole of tho heavens. Such a 
pointer directed once upon a star would follow tho star 
from rising to sotting (neglecting tho effects of atmo- 
spheric refraction); but directed on the moon, and cor- 
rected from time to time, so that the moon’s aotua- 
motions among the stars should bo taken into account, 
the pointer would not follow the moon by a more rota- 
tion around its polar axis.' If pointed on the moon 
when she first rose above tho horizon, it would be found 
to point hdow the moon when carried (round its axis) 
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towards the place occupied by the moon when high 
above the horizon ; for it >Yould have to bo depressed 
by the full amount of the liorizontal parallax wlien the 
moon was on the horizon, and this depression would be 
too great when the moon was high above the horizon* 
In like manner, if the pointer were directed upon the 
moon when she was high above the horizon, it would bo 
carried to a i)lacG above that occupied by the moon 
when sotting beyond the western horizon. 

It was in tliis w^ay that the moon’s distance %vas 
first ascertained* The reader will recognize in the 
description just given the principle of the equatorial 
telescope, which, turning around a polar axis, follows 
a star by a single motion. But the astronomical prin- 
ciple of this instrument was understood and applied 
long before the telescope itself was invented. Ptolemy, 
who is usually credited with the invention of the equii- 
torially mounted pointer, was the first to apply the 
insb’iunent to the determination of the moon’s cl is- 
plncemont or parallax.^ The result contrasts strikingly 
with the ill success which he and other ancient astro- 
nomers experienced when they attempted to apply tins 
and other methods to the determination of the sun’s 
distance. He assigned 57' as the moon’s parallax 
when she is on the horizon } in other words, his 
observations led him to the conclusion that the angle 

• A trace of tills oarl^ application of the priiiolplo roinalns In 
tbo immo parallaotlo inslruwvfUt still somctlmoa jflvon to tljo 
equatorial. The ijrinolplo of the inetrumont is oxplalnocl In tlio 
and tho iiistnimont, as made before tbo tolosoopo was 
Invented, was aoraof-luios oallod jKhIc* 
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E Mu P, fig. 3, is one of 67 ', a value wliicli would 
set the moon’s distance at almost exactly sixty times 
the earth’s radius. We shall see presently that this is 
very close to the true value.* Other observations were 
made by this method; and it is probable that the 
value given for the lunar parallax in the Alphonsine 
Tables, viz. 58', was deduced from a comparison of 
many such observations. This would give a distance 
sourewlmt exceeding 59 times the earth’s radius, or 
more exactly, with the present estimate of the earth’s 

diiiaonsions, 236,000 miles, 

Tycho Bmhd, from his own observations, based on 
the same principle, found for the moon’s horizontal 
parallax 61', corresponding to a distance somewhat loss 
than 223,000 miles. 

But a more satisfactory method of determining tlio 
moon’s distance is that which is based simply on the 
considerations discussed at pp. 8, 9— in other words, 
the method of observing the moon from two distant 
stations whoso exact position on the earth’s globe has 
boon aBoortttined* 


^ Boforo thl« Arlstnrohua of Samoa had Boli tho moon’s dlstanoo 
all two million mdla^ which, nooordlng to Buohotto'a ^ 

tho lonffUi of tho Grook stadium, would bo equal to about 2B0,000 
mtlos. Xho method by which ho tloducod this tosulb Is not well 
known * but It is bollovod to have boon based on tho oonaldomtion 
of tho length of bhno ooouplod by tho moon In passing from horlKOU 
to horizon j in fact, it woul.l sooin to havo boon a modlJloatlon ot 
tho method hypothotloiilly ooiifildorod in pp, 10*^12. If bo, it 
ooirospondod to ft oorbahi dogroo with tlio ^^othod ho applied to 
dotormino tho sun’s dlslaiioo, (Boo my troiitlso, 2 ho p. 2ft.) 
Uipporohus oonsldorod tliat. tho moon’s dlstanoo lay botwoon 02 
and 72i times tho radius of iho carlh. Tho ftbovo ovaluatlon oE 
Iholomy la Inforrod from tho nuinbors given at p. 211 of Irof. 
U rant’s JlUlori/ o/ Phi/^kal jUtroiwmj/^ 
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Let us suppose, for convenience of illustration, that 
one station is the Greomvich Observatory, and the 
other the Observatory at the Cape of Good Hoi)e. 
These two stations are not on the same meridian. At 
present, however, we shall not take into account the 
difference of longitude. 

Let fig. 4 represent a side view of the earth at 
night, when Greenwich is at the place marked G, Let 
11 h be a north and south horizontal line at Greenwich, 
G Z the vertical, G^^ (parallel to the earth’s polar 
axis) the polar axis of the heavens; and let us suppose 
that the moon, when crossing the meridian, is seen in 
the direction G M ; then the angle 2^ G M is the moon’s 
north polar distance. 

Again, let us suppose 0 to bo the Capo Town 
Observatory. In reality it has passed from the edge of 
the disc shown in fig, 4, by nearly 1 \ hour’s rotation i 
but lot us for the moment neglect this, and suppose the 
station C to be at the edge of the disc. Let H' C h' be 
the north and south horizontal lino at C, G 7J the ver- 
tical, Op^ (parallel to the earth’s polar axis) the polar 
axis of the heavens (directed necessarily towards the 
south pole) ; and let us suppose that the moon, when 
crossing the meridian, is seen in the direction CM', 
Then, since the linos GM and CM' are both pointed 
towards the moon’s centre, they are not parallel lines, 
but meet, ivhen produced, at that point. 

Let fig* 6 represent this stnto of things on a 
smallor scale, M being tho moon, G Greenwich, and 0 
the Cnpe of Good Hope; then GOM is just such a 

0 
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triangle as we considered at p. 8. The base-line 
GO IS of course known ; and it is very easily seen that 
the angles at Gt and C are known from the observations 


FI{?3, 4 and 5. 
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pictured in flg. 4.^ Thus MO and MG can be calcu- 
lated* 

' The dlstanco from aroonwioh to Capo Town ia not in question, 
but tho distanco between Groonwloh and the point 0 on tbo moii- 
diaii of Croon wioh j for any e(Toot« duo to tho dliroronoo of longl- 
tudo of Capo Town and Qroonwioh aro roadily taken into account 
astronomloaliy. Now tho dl stance 0 C is the chord of a known aro 
of a groat oii*olo o£ tlio earth. Thus 0 C is known, and tho angles 
0 C 0, 0 0 Q, aro equally known. Again, tho anglo M C 0 is tho 
Bum of tho angles M Q H and H C 0 } and of timso M C V la tho 
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Such is the general nature 6f the method for cle^ 
termining the moon’s distance by observations made 
at different stations, and either simultaneously or so 
nearly simultaneously that the correction for the 
moon’s motion in the interval can be readily 
made.' 

One of the earliest series of observations directed 
to the determination of the moon’s distance was that 
undertaken by Lacnillo when he visited the Capo of 
Good Hope in 1760, From a comparison of his re- 
sults with observations made in Europe, he deduced 
the value 67' 13»1" for the moon’s moan equatorial 
horizontal parallax. This corresponds to a mean dis- 
tance of 238,096 miles. Jiut it is to be noticed that 
Laeaille was not acquainted with the true shape of 
the earth. He supposed the earth’s compression to be 
gi^eator than it really is; in. fact, he supposed the 
equatorial to exceed the polar diameter in the propor- 

moon's obflorvGd mcrltllan altitiulo nfc Groonwioh, wlillo H GO 
in tho comploinonfc o£ tho known nnglo 0 G 0. Honoo M G 0 is 
known. In liko mannor M 0 G la known. So that wo have llm 
baso-llno nncl tlio two bnso angloa of tho triangle M 0 G known, 
and tlioroforo M 0 and M G can bo oaloulntod, In reality tho anglo 
0 M G is about IJ degroo. 

> If snob an instrnmonfc ns tho eqxmtorlal wore as trustworthy as 
a morldionnl Instruniont, It would bo easy to make tho obsorvatlona ‘ 
slmultanoonsly, dotonntntng tho polar distanaoa of tho moon at 
Qroonwich and Capo Town roapooMvoly. But aa a matter of fact 
it is absolutely nocossary to obsorvo tho moon whon sho is on tho 
moridinn. What then is done Is to dodiioo from tho obsorvod north 
polar dlatanco of tho moon when on iho morldlan at Capo Town 
(or from tho moon's plnco at that tlino, with rospeot to some known 
star) lior position at tho momont when sho is ou tho morldiaii of 
Greonwioh, 
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tion of 200 to 199, whereas in reality tho proportion in 
approximately 300 to 299 ; in other words, lUo com. 
pression is -alg-. If this correction is taken into nt> 
count, Lacaille’s results give for tho lunar parallax 
67' 4"’6, corresponding to a distance of 238,670 mile*®, 
Lalande, by comparing Jjacaille’s observations with lii« 
own, made simultaneously at Berlin,* found for ilm 
lunar parallax the value 67' 3"*7, corresponding to a 
distance of 238,749 milcSt It will bo noticed tiiat ws 
Berlin is more than 13 degrees oast of Greenwich, 
observations made on tho moon when in the moridiim, 
at Cape Town and at Berlin, aro more noarly siinuU 
taneous than corresponding observations at Capo Town 
and Greenwich. 

Biirg, by comparing Lacaillo’s observations with 
those made at Greenwich, deduced for tho inrwn** 
parallax the value 67' 1", corresponding to a distnuew 
of 238,937 miles. 

Henderson, tho first who dotorminod tho distance 
of the celebrated star Alpha Gontauri, made a acricf 
of lunar observations at tho Capo of Good Hope in 
1832 and 1833, with very imperfect instrumental 
ineans. From a ooinparison of those obHorvalions 
with others made at Greenwich and Cambridge, he 
deduced 67' 1"’8 for tho value of the moon's parulltt 

' Laoaillo waa bom on March 15, 1710, nud Lalnnclo on Jolj? II » 
1782, so that Lalmido was nlnoloou yoara youngor than 
Vfho was hlmsolfi but a young wan when ho inado hia obaorinttii^, 
In fact, Lalando was but ninotooii yoaraoUl wlion ho wnBi!ift 4 U m 
liotllh for the pnrposo of obsorvlng tho moon almuUanoously wtt 
Lacaillo at tho Capo of Good Hope* 
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The corrcspouding distance amounts to 238,881 
miles. 

Airy, from a discussion of the whole series of 
Greenwich observations, deduced the value 6T 4'''*94, 
corresponding to a distance of 238,650 miles. 

Hut probably the most accurate value is that which 
has been deduced by Professor Adams from a compari- 
son of Mr. Breen’s observations at the Cape of Good 
Hope, with others made at Greenwich and Cambridge. 
Professor Adams deduced for the lunar parallax the value 
67' 2"*7, corresponding to a distance of 238,818 miles. 

One other method of determining the moon’s dis- 
tance remains to be mentioned: it cannot, however, 
be called a strictly independent method, since it is 
based on the theory of gravity, which could not have 
been established without an aoourate determination of 
the moon’s distance. 

In showing that the earth’s attraction keeps the 
moon in her observed orbit, Newten had to take into 
account the moon’s distance. Ho reasoned that the 
earth’s attraction reduced as the square of the distance 
would bo com];)etent at the moon’s distance to cause the 
observed deflection of the moon from the tangent to 
her path, Ho assumed the lunar parallax to bo 67' SO", 
corresponding to a distance of 237,000 miles ; and he 
found that the terrestrial attraction calculated for that 
distance corresponded so closely with the observed 
lunar motions as to leave no doubt of the truth of the 
theory he was dealing with. But now, when once the 
theory of gravity is admitted, we have in the observed 
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lunar motions the means of forming an exact estimate 
of the earth’s attraction at the moon’s distance, and ns 
we know her attraction at the earth’s surface, wo are 
enabled to infer the moon’s distance. In passing, it 
may be observed that this process is not, as it miglit 
seem at a first view, more arguing in a circle. Obser- 
vation had already given a sufficiently accurate ostiinnlo 
of the moon’s distance to supply an initial tost of tins 
theory that it is the earth’s attraction reduced ns tl»o 
square of the distance which retains the moon in her 
orbit.' This theory being accepted, and olhor tests 
applied, we may fairly reason back from it in such sort 
as to deduce the exact distance of the moon. 

In this process, however, the mass of the moon would 
have to be taken into account. In fact, ns will bo seen 
in the next chapter, we must add Iho moon’s mass to 
” y the earth’s in considering the actual tendency of the 
^’’moon towards the earth j so that, if we know the moou’r 
; mass, the earth’s size, and the moon’s period, wo can 
; ' deduce the moon’s distance, 

V ' ' Burokhardt,applying this method, on tho assumption 

that the moon’s mass is of the earth’s, deduced the 
. parallax 67' 0", corresponding to a distnneo of 280,007 
.. Damoiseau, taking the moon’s mass at Tjfj- of tho 

' earth’s, deduced a parallax of 67' 1", corresponding to 
238,937 miles. Plana, assuming tho 
iJivS mass to be found for the moan lunar parallax 

value ' ■67' ' 3"’l- corresponding to a distance of 
• 23&,'792'mil^8. . ; 

- j . ' (We sh^ tb^^^ this work asSumo 
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that the moon’s mean equatorial horizontal parallax 13 
57^ 2"* 7, and her distance, therefore, 238,818 miles, 
the earth’s equatorial diameter being assumed equal to 
7,925*8 miles. 

Now it follows from this that, ns seen from the 
moon at her mean distance, the earth’s equatorial 
radius subtends an angle of 67' 2"*7; that is, the 
equatorial diameter of the earth covers on the heavens 
an arc of 1® 54' 6"*4, as seen from the moon at her 
mean distance. If the moon’s orbit were circular, 
the earth’s equatorial diameter would always cover such 
an arc* But the moon traverses a path of considerable 
eccentricity. Its mean shape (fur it varies in shape) is 
exhibited in flg, 6, where C is the centre of the orbit, 
E the earth, M the place of the moon when nearest 
to the earth, or in perigee, M' her place when farthest 
from the earth, or in apogee, m and m' her positions 
when she is at her mean distance (in other words, m m'« 
is the minor axis of the moon’s orbit). Thus E C is 
tlie linear eccentricity of the orbit,^ E C is about the 
eighteenth part of 0 M, and is thus not at all an 
evanescent quantity even on the small scale of fig. 6. 
The distance E C is equal to about 13,113 miles. It 
will bo observed, however, that though the ccceniricUy 
of the orbit is shown in fig, 6, the clli'piicity--i\Mii is, 
the departure from the circular shape — is not indicated, 

• Tho true ccooati'Iclty Is roproaontcd by tlio rntlo oD K 0 to 
E M \ tlmt Ist in tho cuao of tho lunar orbit, It ja about ^ whon the 
orbit ia in its moan oomUtion, Wlien tho orbit 1ms its maximum 
occentrioity, tho ratio risos to about «iul when tho ocoontrlolty 
Ib at its minimum, the valuo is about 
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In reality, it would not be discernible on the scale cif 
fig. 6.' 

But the eccontiicity of the moon's orbit is not cnn. 



itpOW^fl ORBIT (MISAH KCOKNTUlOrrY), 


ftant. .Owing to the perturbations whioh the mnon 
undergoes (as explained in the next chapter), hor pnlli 

by, ypJfrilor -by.VBi A S?22 « ^ 
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changes in shape, the mean distance remaining through- 
out nearly constant. The shape of her path when it is 
most eccentric, as well as when it isleast eccentric, would 
nob differ appreciably from m M M', fig. 0, and there- 
fore, so far as this relation is concerned, no now figure 


Eig. 7. 



TilE MOOir'S OHBIT (j^IAXIMUM KOOIfiNTBIOITy), 


is required, But for another purpose, presently to be 
explained, it is convenient to have a picture exhibiting 
the moon’s path around the earth when the eccentricity 
is a maximum. It is therefore shown in fig, 7, the 
centre being at 0 and the earth at E', and M M' the 
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moon’s path. The point e shows the position occupied 
by the earth's centre when the eccentricity is a mini- 
mum. The distance E' C is 15,760 miles, while e C is 
10,510 miles. Thus the ditference, E'e, is 5,250 miles, 
or about two-thirds of the earth’s diameter. Owing to 
the peculiarities of the lunar perturbations, however, 
these numbers are not to be strictly applied in dealing 
with the lunar orbit. In fact, her distance from the 
earth is somewhat more increased, owing to perturba- 
tions, than it is reduced — when the maximum effects 
either way are compared. 

The apparent diameter of the moon when she is at 
her mean distance is found by telescopic observation (at 
night) to be 31' 9", or 1,869" (when reduced to corre- 
spond to the distance of the earth’s centre ; or, approxi- 
mately, when supposed to be made on the moon in the 
horizon). But this value is partly increased by the 
effects of irradiation. When the moon’s diameter is 
deduced from observations made during solar eclipses 
(at which time irradiation tends to reduce her apparent 
diameter, because she is then seen as a dark body on a 
light ground), the value depends partly on the telescope 
employed. With instruments of average power it is 
about 30' 55", or 1,855". From a careful discussion of 
the occultations of stars by the n.oon, as observed 
at Greenwich and at Cambridge, Sir George Airy 
inferred that the length of the moon’s mean ap- 
parent diameter is 31' 5"*1, or l,865"’l. This is the 
value assumed throughout the present work. (It is a 
useful aid to the memory to notice that the number of 
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seconds of arc in this value gives the number of 
the year in which Sir George Airy announced his 
results.) 

There is no apparent flatteniug of the lunar orb as 
seen from the earth ; the most careful measurement 
presents it as circular. Since the earth’s semi-diameter 
subtends from the moon an angle of 57' 2"* 7, or 
3,422"‘7, while the moon’s diameter subtends from the 
earth an angle of 1,865"-1, it follows that the moon’s 
diameter is less than the earth’s radius (or 3,962‘9 
miles) in the proportion of 18,651 to 34,227. Thus it 
is readily calculated (by rule of three) that the moon’s 
real diameter (or at least any diameter square to the 
line of sight from the earth) is 2,159*6 miles. It 
chances that this is the exact value adopted by Madler, 
though obtained by employing a diflerent value (1) of 
the lunar parallax, (2) of the lunar apparent diameter, 
and (3) of the earth’s real diameter. 

It follows that the earth’s equatorial diameter ex- 
ceeds the moon’s in the proportion of about 3,670 to 
1,000; or, if we represent the earth’s equatorial dia- 
meter by 10,000, then the moon’s would be represented 
by 2,725. Assuming the moon’s shape to be globular, 
and the earth’s compression it follows that the 
earth’s surface exceeds the moon’s in the proportion of 
about 13,435 to 1,000 ; or if we represent the earth’s 
surface by 10,000, the moon’s will be represented by 
744. Lastly, on the same assumption as to the moon’s 
shape, the earth’s volume exceeds the moon’s in the 
proportion of about 49,441 to 1,000 ; or, if the earth’s 
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volume be represented by lOjOOO, the moon’s will be 
represented by 209. 

Eoughly, we may take the moon’s diameter as two- 
sevenths of the earth’s, her surface as two twenty- 
sevenths, her volume as two ninety-ninths. Of these 
proportions, the most interesting is that between the 
moon’s surface and the earth’s; for neither the dia- 
meter nor the volume of the moon is specially 
related to her condition as a globe comparable with 
our earth in regard to those features which affect our 
own requirements. But the surface of the moon’s 
globe obviously affects her fitness, in one important 
respect, to be the abode of living creatures. Now the 
actual surface of the moon is rather more than two 
twenty-sevenths of the earth’s, and the surface of the 
earth is about 196,870,000 square miles: hence the 
moon’s surface is about 14,600,000 square miles. 
This is about the same as the areas of Europe and 
Africa together (exclusive of the islands usually in- 
cluded with these continents). It is almost exactly 
equal to the areas of North and South America, 
exclusive of their islands. The portion of either 
hemisphere of the earth lying on the polar side of 
latitude 58® 23', is equal to the whole surface of the 
moon. The arctic and antarctic regions together ex- 
ceed the moon in area in about the proportion of 10 
to 9. Lastly, it may be noticed that, reckoning the 
Eussian empire (in Europe and Asia) at 7,900,000 
square miles, and the British dominions at 9,100,000, 
these two empires together exceed the whole surface 
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the moon by no less than 2,400,000 square miles. 
The part of the moon actually visible to us (taking 
tier librations into account) is somewhat more exten- 
sive than the Eussian empire, while the part totally 
concealed from us is equal in area to about seven-tenths 
of the British empire. 

It should be noticed that, under all circumstances, 
whether the moon is at her mean distance, or nearer to 
or farther from the earth (in fact, whatever the size of her 
disc may be), the earth’s disc, as supposed to be seen at 
tire moment from the moon, is nearly 13^ times larger. 

But the variation of the moon’s apparent size, ac- 
cording to her varying distance, must also be carefully 
taken into account. It is much greater than is com- 
monly supposed. The observed telescopic mean dia- 
meter of the moon is, as already stated, 31' 9", while 
31' 5"*1 is taken as the true mean diameter, — that is, 
the telescopic diameter reduced for the effects of 
irradiation. Ifow, the telescopic semi-diameter when 
the moon is at her nearest to the earth, — that is to say, 
not merely in perigee, but in perigee at a time when 
her orbit has its greatest eccentricity,— -is found to be 
33' 32"'l ; while, when the moon is farthest from the 
earth, the observed diameter is 29' 22"*9, These 
values, reduced for the effects of irradiation, give for 
the diameter, — 

(1) When the moon is nearest to the earth, 33' 30*1", or 2,01 OU/' 
C‘^) If If at her mean distance, 31 5-1, or 1,836*1 

(3) ,1 „ farthest from the earth, 29 20*9, or 1,760 9 

It has been already mentioned (p. 26) that the mean 
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distance is not tlie arithmetic mean between the 
greatest and least distances ; it necessarily follows that 
the mean apparent diameter is not the arithmetic mean 
between the greatest and least apparent diameters. 

The apparent surface of the lunar disc varies, not 
as these diameters, but as the squares of these dia- 
meters. It is easily calculated that if the size of the 
lunar disc, when the moon is at her mean distance, 
is represented by the number 10,000, then, when she 
is nearest to the earth, her disc presents a surface of 
11,615; while, when she is farthest, the apparent 
surface is but 8,914. Or, if we call the surface of the 
moon’s disc when nearest to us 10,000, then, when she 
is hirthest from us, the surface of her disc would be 
represented by the number 7,674. We may very 
nearly represent the apparent size of the moon’s disc 
when she is nearest to us, and when she is fiirthest from 
us, by the numbers 4 and 3 ; in other words, when the 
moon is full and farthest from the earth, she gives only 
three-fourths of the amount of light which she gives 
when fall and nearest to the earth. But there is 
a very convenient way of representing the relative 
dimensions of the moon’s disc wlien she is at her nearest 
and farthest. It is very easily shown that if we describe 
circles M and M' fi' about E' as centre, fig. 7, p. 25, 
and passing through tlie points M and M'', then the 
circles M /xand iM' /x' represent the dimensions of tlie 
lunar disc when the moon is at M' or M respectively. 
In like manner we could compare the dimensions of 
the lunar disc when the moon is in perigee and apogee, 
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and the eccentricity has its least value (i.e. the earth 
as at e, fig. V); or when the eccentricity has its mean 
value (the earth as at E, fig. 6).' 

It remains only that we should consider the subject 
of the moon’s mass, — that is, of the quantity of matter 
contained in her globe, whose volume or size is already 
known to us. 

There are four different ways in which the moon’s 
mass may be determined. 

First, since, as we have already mentioned (and 
shall explain further in the next chapter), the moon’s 
motion under the earth’s attraction is calculable when 
the size of the earth, the value of terrestrial gravity, 
and the moon’s distance and mass are known, it follows 
that as the size of the earth, the eax'th’s gravity, and 
the moon’s period are very accurately known, and as 
the moon’s distance has been determined by independ- 
ent observations, her mass may be inferred by the 
consideration of her observed motions ; in fact, precisely 
as, in the method for determining the moon’s distance, 
described at p. 21, we infer the distance when the mass 
is known, so, if the distance be independently deter- 

* This is a very convenient method of comparing’ the apparent 
dimensions of the sa,me orb seen at different distances. We take 
these distances, and with them describe circles ; then these circles 
represent the relative apparent dimensions, — the largest, of course, 
corresponding to the appearance of the globe as seen at the least 
distance, and rice rend. Thus suppose that we wisli to compare 
tlie size of the sim as seen from two planets, wliidi wo may call, 
for convenience, P and F, and that we have a chart of orbits in- 
cluding the orbits of these phinets ; then if the orbit of P represent 
the size of the sun as seen from P', the orbit P' represents the si/6 
of the sun as seen from P 
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mined, we can infer the ma ss. And it is t o be obsn 
that although, if these two methods alone 
d-etermining the mass and ‘ 

both problems indeterminate; yei, as other ‘ 

exist, these two afford very useful tests of the accuraey 
of the results deduced by the other methods. 

Laplace, adopting the value 57' 12"-03 for the lunar 
parallax, deduced for the moon’s mass, by this method, 
the value i, the earth’s mass being unity. 

Anoth^' method for determining the moon’s mass is 
based on the theory of the tides. If the height of the 
tides at any place be observed carefully for a long period 
of time, and then the mean height of the spring tides 
be compared with the mean height of the neap tides, 
we can infer the relative efficiency of the sun and moon 
when acting together to raise the tidal wave, and wlmii 
their actions are opposed. The problem is, indeed, 
rendered difficult by theoretical and practical con- 
siderations of much complexity. But presenting the 
problem roughly, we may say that, after careful atten- 
tion to the observations, we obtain L-t-& and 1 j— S, 
where L is the lunar action and S the sun’s ; the fust 
at spring tides, the second at neap tides. Now, tlie 
sum of these compound actions is 2L, and the diiler- 
ence 2S ; so that we can infer L the lunar action, and 
S the solar action. These enable us to infer tlu; rela- 
tion between the moon’s mass and the sun’s. Newton 
was led, by comparing the results of his theory with 
the observed height of the tides, to the coiiolusioii that 
the moon’s mass is the earth’s being r<'present<-d 
by unity. Laplace was led by the observation of thi‘ 
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tides at Brest to the theory that the moon’s mass is 

of the earth’s. He considered, however, that this 
result, although less than Newton’s, might still be con- 
siderably too large, since he judged that the height of 
the tides at Brest might be influenced by several local 
circumstances. It seems obvious that this method 
cannot be susceptible of very great accuracy, since the 
shape of the ocean masses, as well with respect to their 
horizontal as to their vertical proportions, renders the 
direct application of the theory of the tides impracti- 
cable. 

Another method depends on the circumstance that 
the earth circuits once in each lunation round the centre 
of gravity of her own mass and the moon’s. Owing 
to this circumstance, the earth is sometimes slightly 
in advance of, and sometimes slightly behind, her 
mean place in longitude. In fact, we know that the 
moon, circling around the same centre of gravity, but 
in a much wider orbit, is sometimes in advance of the 
earth and sometimes behind the earth — ^regarding 
thc.se orbs as two planets severally pursuing their 
courses round the sun ; and if we look upon the earth’s 
motion as representing very nearly the motion of a 
phi, net at her distance and undisturbed by a satellite 
(wliieh is not far from being the case), then we see 
that the moon, owing to her motion in an orbit 
477,600 miles in diameter round the earth, is alter- 
nately 238,800 miles in advance of, and as many 
behind, her mean place in longitude. So that, since 
the earth circuits round the common centre of gravity 
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of the two bodies, in a smaller orbit, she will be 
alternately in advance of and behind her mean place ^ 
by the radius of that orbit. Obviously the effect of 
this will be that the sun, round which the earth is 
thus moving, will seem to be alternately in advance 
of and behind the mean place due to his apparent 
annual motion round the heavens. His apparent place 
will obviously not be affected at all when the moon 
is on a line with the sun and earth, or in syzygy^ as 
it is called (that is, w'hen it is either ne%u moon or 
full), for then the earth’s displacement is on the same 
line, and the only effect is that the sun appears either 
very slightly larger (when the moon is ^ lull ’ and tiie 
earth most displaced towards the sun), or very slightly 
smaller (when the moon is ‘ new ’ and the earth most 
displaced /rom the sun). Both effects would be quite 
inappreciable. But w’hen the moon is at her first 
quarter, the earth is displaced towards the side occu- 
pied by the moon at her third quarter ; that is, she is 
at- her maximum displacement in advance of her mean 
place, and the sun also appears accordingly at his 
maximum displacement in advance of his mean place 
in his apparent annual motion round the heavens. In 
like manner, when the moon is at her third quarter, 
the sun appears at his maximum displacement behind 
his mean place. It is easy to ascertain what the sun’s 
displacement should be, on any given assumption 

' The mean place here referred to is that place which the earth 
would have if she were travelling alone round the sun, and not, as 
is actually the case, under the perturbing inlluence of a satellite. 



DISTANCE, SIZE, AND MASS* 


35 


as to the moon’s mass. Suppose the moon’s mass, 
for example, to be -g^^th of the earth’s, then the centre 
of gravity of the earth and moon lies eighty times 
farther from the moon’s centre than from the earth’s. 
Ileiice the distance of this centre of gravity from the 
earth is part of 238,818 miles, or 2,949 miles. 
Thus the sun may be displaced from his mean place 
by tlie angle ■which a line 2,949 miles long subtends at 
the eai'th’s distance from the sun. Since the equa- 
torial sernidiarneter of the earth is 3,963 miles, this 
displacement of the sun is equal to about fths of the 
small arc called the solar parallax, or is rather more 
than 6''‘6, if we assume 8"*9 to be the mean value of 
the solar parallax. This quantity is about •^A-.^th part 
of the sun’s apparent diameter. 

But obviously if the exact amount of the maximum 
displacement can be ascertained, we can infer pre- 
cisely what proportion the distance of the earth’s 
centre from the centre of gravity of the earth and 
moon bears to the earth’s mean diameter. We shall 
have to make an assumption as to the value of the 
solar parallax (that is, in effect, as to the sun’s dis- 
tance) ; but that is an element which has been deter- 
mined with a satisfactory degree of accuracy in many 
different ways. Hence the moon’s mass can be deter- 
mined with a corresponding degree of accuracy, if 
only the observations of the sun’s displacement are 
accurately made. 

From a great number of observations of the moon, 
Delambre deduced for the sun’s maximum displacement 
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(called the parallactic inequality) the value 

Hence Laplace deduced the value for the 
moon^s mass. With the values at present adopted for 
the distances of the sun and mooir, ho would have 
deduced ^ as the value of the moon^s mass. 

In recent times the meridional observations of the 
sun have been so numerous and exact, that the means 
of determining the moon’s mass by this method are 
much more satisfactory. Tims we can place very 
great reliance on Leverrier’s estimate of the parallactic 
inequality, viz, 6'^*50, Professor Newcomb, of Washing- 
ton, deduces from a yet wider range of observations the 
value These values lie so close together as to 

show that the observations on which they have been 
based suffice for the very accurate determination of this 
quantity. 

Now the value of the moon’s mass which wo should 
infer from the mean (6"* 51) of these two estimates, 
will depend on the value we assign to the solar 
parallax. If we estimate the mean equatorial hori- 
zontal solar parallax at 8"*91, it would follow that the 
distance of the centre of gravity of the earth and moon 
from the earth’s centi'e is ^-^sts of the earth’s equa- 
torial semidiameter, or |^sts of 3,963 miles ; that is, 
about 2,895 miles. Thence it follows that the moon’s 
mass is to the sum of the masses of the earth and moon 
as 2,895 to 238,818, or— 

Moon’s mass ; Earth’s mass :: 2806 ; 286923 
:: 1 : 81*6 

that is, the earth’s mass exceeds the moon’s 81| times. 
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Tn calculating the sun’s distance from tho solar 
parallactic inequality, the Greenwich observers have 
adopted gpjj for the moon’s mass, Leverrior adopted the 
value gjljs (originally, owing to an error of calculation, 
Leverrier adopted the value Jj,). Professor Newcomb 
has adopted tlie value gpjs. 

These values were deduced by an independent 
method, the last remaining to be described, and on 
the whole perhaps the most satisfaetovy. Owing to 
tho attraction of tho sun and moon on tho bulging 
equatorial parts of the earth, tho axis of tho earth 
undergoes tho disturbance called precession. Now this 
disturbance, whose period is about 25,8(58 years, de- 
pends on the inclination of the earth’s equator-plane to 
linos drawn from the sun and moon. Tho portion due 
to the moon’s action depends on tho inclination of the 
equator-plane to a line from the moon. Of course 
this inclination varies during tho moon’s circuit of tho 
earth, because she twice crosses the celestial equator in 
such a circuit, and at these times the moon’s action 
vanishes. But these changes are comparatively unim- 
portant so far as the progress of tho displacement of 
tho earth’s axis is concerned, simply because tho dis- 
placement during a month is exceedingly small. There 
is, however, a change which, having a much longer 
period, is clearly recognisable. Tho moon’s orbit is 
inclined to the ecliptic by rather more than five de- 
grees. If tho orbit thus inclined had a constant posi- 
tion, its inclination to tho earth’s c<[uator (assiiined also 
to have a constant position, which is approximately 
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the case) would also be constant* But we shall see 
in the next chapter that the direction of tlie line in 
which the moon’s plane intersects the ecliptic iniikes a 
complete revolution once in about 18^ years. licrico 
the inclination of the moon’s orbit to the equator is 
affected by an oscillation of rather more than live 
degrees on either side of the mean inclination, which is 
the same as that of the ecliptic to the equator, or 
about 23^ degrees* Thus the inclination passes in the 
course of rather more than 18^ years from about 18^ 
degrees to about 28^ degrees, and thence to about 18^ 
degrees again* Obviously the lunar action varies ac- 
cordingly ; and, moreover, it is to be remembered that 
if the lunar action were alone in question, the pole of 
the equator would circle, not about the polo of the 
ecliptic, but about the pole of the moon’s orbit-plane ; 
and as this polo is itself circling about the pole of tlm 
ecliptic in a period of rather move than 18^ years, it 
is readily seen that there arises a fluctuation in the 
motion of the pole of the heavens, having the same 
period* This fluctuation is necessarily small, because 
in 18^ years the .whole motion due to precession is 
small, ^ and this fluctuation is only a minute portion of 
the whole motion. It is found to amount, in fact, to 
about by which amount the pole of the heavens, 
and with it the apparent position of every star in tho 
heavens, is, at a maximum, displaced from the mean 

> Tho ISGOth part of tho cotiiplcto circuit maao \>y iho pole of 
the heavens round the polo of tho ecliptic (loss Ihnn 16' of a smnll 
circle of tho heavens having an arc-radius of 23^ dcgi'ccs)^ or 
about of nro. 
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■jositioii estimated for a perfectly imifonn processional 
notion. Now, since this displacement (called mUa- 
Hon) is solely dependent on the moon’s mass, it follows 
that when its observed value is compared with the 
formula deduced by theory, a means of determining the 
moon’s mass is obtained. 

Laplace, adopting Maskelyno’s value of the maxi- 
mum nutation — namely, — inferred for the moon s 

mass (the earth’s being regarded os unity). Pio- 
fessor Newcomb, adopting 9^^’22.8 for the lunar nuta- 
tion, and 50"’378 for the annual luni-solar precession, 
deduces the value jjloj. Leverrier, with the same values, 
deduces Mr, Stone, in his latest calculation, with 
tho saiTiG viilucSj dcducefi for tho moou b niiiss 

In the present work we adopt ^(ov 0*01228) as 
the inoon^s inassj the earth^s being regarded as unity. 
Taking the mooii^s volume as (the earth s as unity), 
it follows that the moon’s mass bears a smaller propor- 
tion to the earth’s than her volume bears to the earths 
volume, in the ratio of 4,926 to 8,140. Hence the 
moon’s mean density must bo less than the earth’s in 
this ratio. So that if we express the earth’s density by 
unity, the moon’s will be expressed by 0*6052. If the 
earth’s mean density bo held to be 6'7 times that of 
water, the moon’s mean density is rather less than 3^ 

times the density of water. 

Such arc the main circumatances of the long process 
of research by which astronomers have been enabled 

• 'fo ttosB values may bo added Lltidoiiau’s oatimnto, jp,, and 
tlic ostlmalo obtained by MM. I’elora and Holiidlowakl, s'f 
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to pass from the first simple notions suggested by the 
tnoon^s aspect and movements, to their j)resent accurate 
knowledge of the distance, diameter, surface, volume, 
and weight of this beautiful orb, the compimion of our 
earth in her motion round the sun. 



CHAPTER II. 

THE moon’s motions. 

At.TOGE'fniEii the most innportftnt circumstance in whfit 
may bo called the history of the moon is the part 
which she has played in assisting the progress of 
modern exact astronomy. It is not saying too much 
to assert that if the earth had had no satellite the law 
of gravitation would never have been discovered. Now 
indeed that the law has been established, wo can see 
amid the movements of the planets the clearest evi- 
dence respecting it } insomuch that if we could con- 
ceive all that has been learned respecting the moon 
blotted out of memory, and the moon herself annilii- 
luted, astronomers would yet be able to demonstrate 
the law of gravity in the most complete manner. But 
this circumstance is solely duo to the wonderful per- 
fection to which observational astronomy on the one 
hand, and mathematical research on the other, have 
been brought, since the law of gmvitation was estab- 
lished, and through the establishment of that law. It 
needs but little acquaintance with the history of 
Newton’s great discovery to see that only the over- 
whelming evidence ho was able to adduce from the 
moon’s movements could have enabled him to comp)el 
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the scientific world to hearken to his reasoning, and 
to accept his conclusions* We can scarcely doubt that 
he himself would never have attacked the subject as 
he actually did, with the whole force of his stupendous 
intellect, had he not recognised in the moon’s move- 
menta the means of at once testing and demonstrating 
the law of the universe. Had the evidence been one 
whit less striking, the attention of his contemporaries 
would soon have been diverted from his theories, 
\Yliich indeed could barely have risen above the level 
of speculations but for the lunar motions. Astronomy 
would never have attained its present position had 
this happened. It would have seemed vain to track 
the moon and the planets with continually increasing 
care, if there had been . no prospect of exphuning the 
peculiarities of motion exhibited by these bodies. 
Kepler had already done all that could bo done to 
represent the planetary motions by empirical laws, — 
the planetary pcTturbations could be explained in no 
such manner. The ai)plication of mathematical calcu- 
lations to the subject would have been simply useloss ; 
and there would have been nothing to suggest tlio 
invention of new modes of mathematical research, and 
therefore nothing to lead to those maaterpioces of 
analysis hy which Laplace and Lagrange, Euler and 
Clairaut, Adams, Airy, and Leverrier, have elucidated 
the motions of the heavenly bodies. 

The history of the progress of investigation by 
which Newton established the law of gravitation is full 
of interest. And although a high degree of mathe- 
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msiticiil tvaining is requisite fully to apprehend its signi- 
ficance, yet a good general idea of the subject may 
I'cadily bo obtained even by those who are not pro- 
foundly versed in mathematics, 

It had been recognised long before Newton^s time 
that this globe on which we live possesses a power 
of drawing to itself objects left unsupported at any 
clistancQ above the earth’s surface. It is, indeed, very 
common to find the recognition of this fact ascribed 
to Newton, who is popularly supposed to have asked 
liimaolf lohy a certain apple fell in his orchard. But 
tbo fact was thoroughly recognised long before his 
tiniCt Galileo, Newton’s great predecessor, had insti- 
tuted a series of researches into the law of this teiTea- 
t rial attraction. He had found that all bodies are 
equally affected by it, so far as liis experimental inquiries 
cxtoncled ; and he established the important law that 
tlio velocity communicated to falling bodies by the 
earth’s at traction increases nniformly with the time of 
falling J so that whatever velocity is acquired at the end 
of one second, a twofold velocity is acquired at the end 
of the next, a triple velocity at the end of the third, 
and so on. 

In order to estimate the actual velocity which 
gravity communicates to falling bodies, Galileo caused 
bodies to descend slightly inclined planes. He showed 
that the action of gravity was diminished in the pro- 
portion which the height of the plane’s summit bears 
to the sloped face 5 and by making the slope very 
slight, he caused the velocity acquired in any given 
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short time to he correspondingly reduced. To 
friction as much as possible, lie mounted the descend- 
ing bodies on wheels, and made the inclined phnieH nf 
hard substances perfectly polished. But oilier tun I 
better methods were devised : and when Newlnn’n 
labours began, men of science were already fainiliiir 
with the fact that a fulling body, if iinrctarded by 
atmospherio resistance or other cause, passes iu tint 
first second over feet, and has acquired at the end 
of the second a velocity of 32^ feet per second ; by (bit 
end of the second second it has passed over 64 j feet in 
all, and has acquired a velocity of 64 « feet perseeoiid ; 
at the end of the third it has passed over 144 j'>()-, uinl 
has acquired a velocity of fiGj feet per second 5 and no 
on, — the law being that the space fallen varies as tlio 
square of the number of elapsed seconds,' while tlio 
velocity varies ns this number directly. 

So much, as I have said, was known before Nowbm 
began to inquire into the laws influencing llio eelesliul 
bodies; so that, if there is any truth in the story nf 
the apple, Newton certainly did not inquire w/iy ihi* 
apple fell to the earth. It is not impossible Unit oil 
some occasion, when he was pondering over tlui m lo- 
tions of the celestial bodies— and perhaps thinking of 
those inviting speculations by which Borclli, Keiiler, 
and others had been led to regard the celestial molioiiM 
as due to attraction— the fall of an apple may litivo 
suggested to Newton that terrestrial gravity allorded it 

' The spaces traversed in succcsstvo seconds are proporlioiml lo 
the numbers 1, 8, 6. 7, &o, 
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clue which, rightly followed up, might lead to an 
explanation of the mystery. If the atti*action of the 
sun rules the planets, the attraction of the earth must 
rule the moon. Whdt if tliQ ve^vy force which drew the 
a'pylc to the ground he that which keeps the distant 
moon from passing away into space on a tangent to 
her actual orbit ! 

Whether the idea was suggested in this particular 
way or otherwise, it is certain that in 1065, at the ago 
of only 23 years, Newton was engaged in the inquiry 
whether the earth may not retain the moon in its orbit 
by the very same inherent virtue or attractive energy 
whereby she draws bodies to lier surface when they are 
left unsupported. 

In order to deal with this question, ho required to 
know the law according to which tbe attractive force 
diminishes with distance. Assuming it to be identical 
in quality with the force by which the sun retains the 
several planets in their orbits, he had, in the observed 
motions of the planets, the moans of determining the 
law very readily. The reasoning he actually employed 
is not quite suited to these pages. I substitute the 
following, which the reader may, if he please, omit 
(passing to the next paragraph), bub it is not diniciilb 
to grasp. Let us call the distance of a planet (the 
earth, suppose) unity or 1, its period 1, its velocity 1. 
Let the distance of a planet farther from the sun bo 
called D ; then the third law of Kopler tells us that its 
period will be the square root of D X D x D, or will 
be DVD. But regarding the orlnts as circles around 
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tile sun as centre^the circumference of the larger orbit 
will exceed that of the smaller in the proportion of T) 
to 1 ; hencej if the velocity of the outer planet were 
equal to that of the inner, the period of the ouhn* 
planet would be D. lint it is greater, being Dy'ij 
(tluit is, it is greater in the proportion of VB to 1); 
lienee the velocity of the outer planet must bo less, in 
the proportion of 1 to Now the sun’s on<n-gy 

causes the direction of the earth’s motion to be changed 
through four right angles in the time 1 1 that of the 
outer planet being similarly deflected in the time 
; and we know that a moving body is more easily 
deflected (m(Zircciion)in exact proportion as iU velocity 
is less; so that the outer planet, moving \/B times more 
slowly, ought to be deflected \/D times more quickly 
if the sun influenced it as much as ho does the nearer 
one. Since the outer planet, instead of being deflected 
VI) times more quickly, is deflected DV® times less 
quickly, the influence of the sun on the outer planet 
must be less than on the earth VB x BVB times, — 
that is, D X 1) (or I)^) times less. In other words, the 
attraction of the sun diminishes inversely as the square 
of the distance, 

Newton had therefore only to determine wliother 
tho force continually deflecting the moon from the 
tangent to her path is equal in amount to the force of 
teiTeslrial gravity reduced in accordance with this law 
of inverse squares, in order to obtain at least a first test 
of the correctness of the theory which had suggested 
itself to his mind. Let us consider how this was to be 
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done I and in order tlint the account may agree as 
closely as possible with the actual history of the dis- 
covery, let us employ the elements actually adopted by 
Newton at this stage of his labours. 

Newton adopted for the moon’s distance in terms of 
the earth’s radius a value very closely corresponding to 
that now in use. We may, for our present purpose, 
regard this estimate as placing the moon at a distance 
ecjual to sixty terrestrial radii. Thus the attraction of 
the earth is reduced at the moon’s distance in the pro- 
portion of the square of sixty, or 3,600, to unity. 
Now, let us suppose the moon’s orbit circular, and let 
m m', fig» 8, he the arc traversed hy the moon in a 


F{^. 8. 
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second around the earth at E (m m' is of course much 
larger in proportion than the arc really traversed hy 
the moon in a second), then when at m the moon’s 
course was such, that if the earth had not attracted hei, 
she would have been carried along the tangent line 
m 1 1 and if t be the place she would have reached in a 
second, then w t is equal to m m', and E t will pass 
almost exactly through the point m'. Thus t m', which 
rcin csents the amount of fall towards the earth in one 
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eeoondj may be regarded as lying on tlie line t 1C** 
Now m' E is equal to m E, and therefore t m' ro])roH(nii 
the difference between the two sides m E and 1 1C of 
the right-angled triangle m E if. Newton adopted tiui 
measure of the earth in vogue at the time, accordiiiff 
to which a degree of are on the equator was suppoHiul 
equal in length to 60 miles, or the earth’s equatorial 
circumference equal to 21,600 miles. This gave for 
the circumference of the moon’s orbit 1,296,000 mib?«, 
and for the moon’s motion in one second rather 1 (^h« 
than half a mile, Thus t m and m E are known, for 
m E is equal to thirty terrestrial diameters j and thvH 
it is easy to determine t E,^ Now Newton found, that 
with the estimate he had adopted for the earth’s dinuni- 
sions, t E exceeded mE by an amount which, incrouHi'd 
3,600-fold, only gave about 14 feet, instead of 1 hurl, 
the actual fall in a second at the earth’s surface. 

This discordance appeared to Newton to bo tcjo 
great to admit of being reconciled in any way with llii^ 
theory he had conceived. If the deflection of tho 
moon’s path had given a result greater than the actuiil 
value of gravity, he could have explained the diHcni- 
pancy as due to the circumstanoe that the moon’s own 

* In the account ordinarily given, t m' is talten ns lying parailrl 
to VI E, This 19 also approximately true. As n matter of fact tho 
point m* lies n little outside t E (that is, on tho side away from ;n) 
and a llttlo within the paralM to m E, through t. But tho nuKhi 
t E 111 is exceedingly minute. This anglo na drawn ropresonts \ 
moon’s motion for about half a day instead of a single second of 
time, 

* By Euc. I, 47 tho square on f E Is equal to tho squares on i rn 
and 7)1 E. 
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mass adds to the attraction between the earth and herself. 
Utit a less value was quite inexplicable. He therefore 
laid aside the investigation. 

Fourteen years later Newton’s attention was again 
attracted to the subject by a remark in a letter 
addressed to him by Dr. Hooke, to the effect that a 
body attracted by a force varying inversely as the, 
square of the distance would travel in an elliptie orbit, 
having the centre of force in one of the /oci. I do not 
at present pause to explain this remark, which is indeed 
only introduced hero to indicate the sequence of New- 
ton’s researches. It is to bo noted that Hooke gave no 
proof of the truth of his remark j nor was there any- 
thing in his letter to show that he had established the 
relation. Ho was not, indeed, endowed with such 
mathematical abilities as would have been needed (in 
his day) to master the problem in question. Newton, 
however, grappled with it at once, and before long the 
idea suggested by Hooke had been mathematically 
demonstrated by Newton. Yet, even in ascribing the 
idea to Hooke’s suggestion at this epoch, we must not 
forget that Newton, in the very circumstance that he 
had discussed the moon’s motion ns possibly ruled by 
the earth’s attraction, had implicitly entertained the 
idea now first explicitly enunciated by Hooke: for the 
moon does not move in a circle around the earth, but 
in an ellipse. 

In studying this particular problem, Newton’s 
attention was naturally drawn again to the long-aban- 
doned theory that the earth’s attraction governs the 

E 
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moon^a motions. But he was still unable to remove 1 1 in 
discrepancj which had foiled him in 1665, 

At length, however, in 1684, nows reached him tlmi 
Picard' had measured a meridional arc with great earr, 
and with instrumental appliances superior to any whi<*l) 
had been hitherto employed. The new esrimato of tbn 
earth^s dimensions ditFered considerably from the (^sii- 
mate employed by Newton before. Instead of a dcgriH* 
of are at tho equator being but 60 miles in leng( Ii, it 
now appeared that there are rather more than 6!) milt*ii 
in each degree. The effect of this change will bo 
once apparent, Tho earth’s attractive energy at ilii^ 
moon’s distance remains unafFcctecl, simply becausi? lln* 
proportion of the moon’s distance to the earth’s dia- 
meter had alone been in question, Newton, therefi»r<-, 
still estijnated the earth’s attraction at the moon’s <liK- 
tance as less than her attraction at her own surfuc<% in 
the proportion of 1 to 3,600, But now all the rral 
dimensions, as well of the earth as of tho moon’s orbit » 
were enlarged linearly in the proportion of 09^ to di). 
Therefore the fall of the moon per second towards 1 lo> 
earth, increased in the projiortion of 3,600 to 1, won 
enlarged from rather less than 14 feet to rather imwv 
than 16 feet — agreeing, therefore, quite as closely m 
could be expected with the observed fall of foot 
per second in a body acted upon by gravity and slarliti^^ 
from rest. 

It is said that as Newton found his figures ton<liii>^ 

I Picard died at Paris in 1682, two years before tho nows of blisr 
labours had readied the oars of Newton, 
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to the desired end, he was so agitated that he was eom- 
pollcd to ask a friend to complete the calculations, 
Ihe story is probably apocryphal, because the calcu- 
lationa actually required were of extreme simplicity 
Yet if any circumstance could have rendered Newton 
tin aide to proceed with a few simple processes of multi- 
plication and division, undoubtedly the great discovery 
wlueh was now being revealed to hitn might have led 
to ■ such a result. For, he clearly recognised the fact 
that tlio interpret at ion of the moon’s motion was not 
what was in reality in question, nor even the explana- 
tion of the movements of all the bodies of the solar 
system 5 but that the law he was inquiring into must 
be, if once established, the law of the universe itself. 

If we consider the poxsitiou in which matters now 
stood, we shall see that in ideality the law of gravitation 
had already been placed on a somewhat firm and stable 
basis. Newton had shown that the motions of the 
planets are confonnablo to the theory that the snn 
uttracis each planet with a force inversely proportional 
to the 8(iiiaro of the planet’s distance. The motions of 
Jupiter’s satellites (the only scheme known to Newton) 
agreed similarly with this law of attraction. And now 
lie had shown that, in tho case of our own moon, the 
attraction exerted by the central body round which the 
moon moves is related to the attraction exerted by 
this body, tho earth, on objects at her surface, accord- 
ing to precisely the same law. Furthermore, it was 
known that all bodies are attracted in the same way by 
the earth, let their condition or elementary constitution 

K 2 
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be what it may. The inference seemed abundantly 
clear that the law of attraction — with eflPects directly 
proportional to the attracting masses, and inversely 
proportional to the square of the distances separating 
them^is the general law of matter, and prevails as 
far as matter prevails — that is, throughout the uni- 
verse. 

But Newton was sensible that a law of this nature 
could not be established unless some special evidence, 
suited to attract the attention of scientific men to the 
subject, were adduced and insisted upon* The discovery 
must throw light on some facts hitherto unexplained — > 
must, in effect, achieve some striking success — before 
men could be expected to look favourably upon it, 

What Newton determined to do, then, was this, 
Ihe law had been shown to accord with the general 
features of the moon’s motions, But these motions 
are characterised by many peculiarities. At one time 
she takes a longer, at another a shorter time, in circling 
around the earth, than that average period called the 
sidereal lunar month. At one time she is in advance 
of her mean place, calculated on the supposition of a 
simple elliptic orbit ; at another time she is behind her 
mean place* The inclination of her path is variable, 
as is the position of its J)lane ; so also the eccentricity 
of her path and the position of her perigee are variable. 
Newton saw that if the law of gravitation is true, the 
moon s motion around the earth must necessarily bo 
distuibed by the 8un*8 attraction, If he could show 
tliat the peculiarities of the moon’s motions vary in 
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nccorclance with the varying effects of the sun’s perturb- 
ing inauencG, and still more if he could show that the 
extent of the lunar pertui’bations corresponds with the 
actual amount of the sun’s perturbing action, the law 
of gravitation would be established in a manner there 
could bo no disputing. 

Let us consider the genei'al nature of the moon’s 
perturbations caused by the sun’s attraction. 

Ill tlio first place, I may mention a fact which 
will perhaps seem surprising to many. Though the 
siui’s disturbing in (liience on the moon is such that the 
moon’s coiirso around the earth is not very different in 
any single revolution from that which she would have 
if the sun’s attraction had no existence j yet the sun 
actually exerts a far more powerful influence on the 
moon than tlie earth does. As we shall have to con- 
sider the relation between the two forces, we may as 
well proceed at once to jorove this excess of power on 
the sun’s part. 

The law of gravitation enables us at once to com- 
pare the sun’s mass with the earth’s. For precisely as 
we have lieen able to show that under the influence of 
terrestrial gravity the moon, at her distance, should 
follow such a path as she netunlly traverses, so we can 
deterinino liow mueli a body should be deflected per 
second at the earth’s distance from the sun if his mass 
were equal to the earth’s ; and by comparing this amount 
with the actual deflection, we can compare the sun’s 
mass with the earth’s. 

Or we may proceed in this way s — 
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The eavthj at a distance of 238,800 miles from tlm 
mooUj has power to deflect the direction of the inooii'n 
motion through four right angles in 27*322 days, tln^ 
moon moving with a velocity which we may 
sent by The sun, at a distance from theonrlh 

equal to about 92,500,000 miles, has power to dcdlrrl 
the direction of her motion through four right ungb’H 
in 365*256 days, the earth moving with a vdociity 
which we may represent by Now fmty huiw 

gravity varies inversely as the square of the distum*r, 
the sim would require (if other things wore equal) \i\ 
have an attractive power exceeding the earth’s in llu^ 
ratio to produce the same effect on her that nlm 

produces on the moon^ and secondhjy since the ddh.io 
tiou of a body’s line of motion is a work which will 
(lone at a rate proportional to tlie force which oponilivs, 
the sun’s power (if other things were equal) should Im^ 
less than the earth’s in the ratio to accomplish 
in one year what the earth accomplishes in a moiiili{ 
and lastly ysinoe the faster a body moves the grcMilm* 
is the force necessary to deflect its course through n 
given angle in- a given time, it is obvious that lll(^ 
sun’s attractive power should exceed the earth’s in 
the proportion of ?g^to f»,~that is, in the nitii. 

to produce a given change of direction in 
the case of the quickly-moving earth, in the aaiiu* 

' We need not consider tho velocity in niilea por hour, or llin 
like I bccanso, thronghont tbe pnrngi’aph, relative nnd not nbKfjluto 
velooitieg are in question. Hence wo can represent tho monii'H 
velocity by the radius of her orbit divided by her period, proviihnl 
we represent tlio earth’s velocity round the sun in like manner. 
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time tbut tlie earth produces such a change in tlie case 
of the less swiftly-moving moon. We have only to 
combine these three proportions,' which take into 
account every circumstance in which the sun’s action 
on the earth differs from the earth’s nclion on the 
moon, in order to deduce the relation between the 
sun’s attractive energy and the eartli’s, — at equal dis- 
tances from the centre of either. This gives the iiro- 
portion x to unity— which reduces to 

325,082 : 1 ,— in which proportion the sun’s attractive 
energy exceeds the earth’s. We may take 325,000 
as representing this proportion in round numbers, 
with an accuracy at least equal to that with which the 
sun’s distance has been determined. 

Now in order to see whether the sun or the earth 
has the greater influence on the moon, we have only 
to compare the masses of the first-named two orbs 
and the influence of their respective distances from 
the moon. We thus have, the proportion 325,000 
to 1 , in which the sun’s attraction exceeds the earth’s 
at equal distances 5 and secondly^ the proportion 
(238,800)2 to (92,500,000)2, which the attraction 
due to the sun’s distance falls short of that due to 
the earth’s. Thus wo liave this relation,— the sun’s 
actual influence on the moon bears to tlio earth’s 
the proportion which 325,000 x (238,800)2 ijears to 
(92,500,000)2, QY approximately a proportion of 15 

^ Tho whole process covreaponda oxnctly to an orclhmry problem 
in double (or rather muUiplo) rule of three. 
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to 7*^ Tluia the sun’s influence on the moon is moro 
than twice as great as the earth’s. 

It may be asked, then, how it is tlmt tho moon 
does not leave the earth’s company to obey the sinrH 
superior influence? In particular it might seem tliiit 
when tho moon is between tho earth and the sun (or an 
placed at the time of a total solar eclipse), our j«atellit(*| 
being then drawn more than twice as forcibly from 
the earth towards tho sun as she is drawn towards tlu^ 
earth from the sun, ought incontinently to pass aw'ay 
sunwards and leave the earth moonless. 

Tho answer to this enigma is, simply, that tho sun 
attracts the earth as well as tho moon, and with ah nos I 
the same degree of force, his pull on the earth sninu- 
times slighily exceeding, at others slightly fallin/Lf 
short of, his pull on the moon, according ns the dis- 
tance of the moon or earth from him is greater at llit^ 
moment. Thus the earth, in order to prevent the? 
escape of her Batellite, has not to overcome tho suii’n 
pull upon the moon, but only the excess of tluit )>uH 
over the ho exerts upon tho earth herself. Thin 
excess, as will presently appear, is always far les.s tlian 
the earth’s own influence on tho moon. 

But it may be noticed, that in considering thi? 
moon’s course round the sun wo recognise tho infuriori I y 
of the earth’s influence in a very evident manner. T1 n ? 
moon seems well \mder tho earth’s control when wn 

> TlionoUmt proporbion Is 2*1431 : 1, corroot to tho fourth tlooi run I 
plnco, Tho proportion 16 to 7 is equal to 21420} whioli for ordhitny 
purposes is suflloienlly near, 
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conpidor only the iinlure of the lunar orbit round the 
earth ; bat if for a moment we forget that the moon 
is circling ronnd the earth, and consider only the 
fact that the moon travels as a planet round the sun, 
with perturbations produced by the attractions of 


Fijr. 9. 



another planet — our own earth, — we can readily test 
the extent of these, perturbations. Thus, let the circle 
MM' (fig. 9) represent the moon^s path round the sun 
S, and let us suppose that at 0 the moon is between the 
earth and sun, and again similarly placed at 1, 2, 8 . . ♦ . 
11, and 12, — being therefore on the side away from the 
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B\in at the intermediate stations marked with a small 
line outside the circle MM^; then the moon^s orbital 
course is a serpentine or waved curve, having its 
minima of distance from the sun at 0, 1, 2, 3 . ♦ • * 11 , 1 > 
and its maxima of distance at the intermediate points* 
But ou the scale of fig. 9 the whole of this serpen tiiu^ 
curve would lie within the breadth of the fine circular 
line M M'. Thus it will readily bo luiderstond that 
the curvature of the moon^s path remains throughout 
concave towards S, oven when, as at the points, 0, 1 , 2, 
&c,, the convexity of the orbital path round the earth 
is turned directly towards the sun. In other w’ordj^j 
as the moon travels in her orbit round the sun U(?r 
course is continually being deflected iiuvards from tho 
tangent line, or always towTirds the sun. It is to lx? 
noticed, however, that tl\e earth^s perturbing infiueiuJi.? 
is an important element in determining the moon’s rt‘ul 
orbit* For when the earth and sun are on the sain(> 
side of the moon, or at the time of full moon, the pull 
on the moon is the sum of the pulls of the earth and 
sun, or exceeds the sun’s pull alone in the ratio 
to 15 I and on the other hand, when the earth and mn 
are ou opposite sides of the moon, or at the time of 
new moon, the pull on the moon is the difference ol* 
the pulls of the sun and earth, or is less than the siin’a 
pull alone in the proportion of 8 to 15. Thus at tlio 
time of full moon the moon is acted on by a forci:) 
which exceeds that acting on her at the time of new 
moon in the ratio of 22 to 8 or 11 to 4. And thorigli 
at the time of full moon the moon’s actual velocity 
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[that is, hov valocity in her orhit round the sun^ is at 
11 maximum, being then the sum of her mean orbital 
velocity round the sun and of her velocity round the 
earth ; yet this by no means counterbalances the 
effects of the greatly increased pull on the moon ; ‘ so 
that the curvature of her path when she is ‘ full 
greatly exceeds the curvature at the time of new moon. 

It was necessary to say so much about the moon a 
path round the sun, and the sun’s real influence upon 
our satellite, because a great deal of confusion very 
commonly prevails in the student’s mind on this sub- 
ject. He is exceedingly apt, when his attention is 
chiefly (and in the first instance) directed to the sun’s 
perturbing influence, to suppose that our eai-th plays 
the chief part in ruling the motions of the moon, 
whereas the sun’s influence is in reality paramount at 
all times. 

In considenng the mooii*s motion around the eaith) 
ho^YeverJ we may leave out of consideration the com- 
mon influence of the sun upon both these orbs, and 
need consider only the difference of his influence upon 
the earth and moon, since this diflerenee can alone 
affect the moon’s motion around the earth. 

Now we are enabled to deal somewhat more readily 
with this case than with the general iwohlem of three 


■> Tlio onrlh's velocity in her orbit being nbout OD.OOO miles per 
hour, nml the moon’s about a, 000 miles per hour, tbo extremii 
variation of the moon’s motion in lior orbit rotnid tim sun lies 
between tbo values 07,000 unrt 03,000 miles, or (roughly) between 
values bi abont tbo ratio of 110 to 103. lint tl.o atlraclivo loico 
on ibo moon varies in the ratio of 110 to 40, ns above shown, 
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hodicss, because the moon is always very close to the 
earth as compared with the distance of either from the 
sun. On this account lines drawn to the sun from the 
earth and moon enclose so small an angle that they 
may be regarded as appreciably parallel* Again, these 
lines are at all times so nearly equal, that in deter- 
mining the relative pull on the earth and moon we 
may employ a simple method available with quantities 
that are nearly equal. Thus, suppose two bodies placed 
at distances represented by 100 and 101 respectively 
from a certain centre of force, then the attractions on 
the two bodies are inversely proportional to the squares 
of 100 and 101, or are in the ratio 10,201 to 10,000 ; 
but this ratio is appreciably the same as the ratio of 
102 to 100, Therefore in this case, and in all such 
eases where the distance from one body exceeds the 
distance from the other by a relatively minute quantity, 
we can obtain the relative forces by representing them 
as lines having a relative distance twice as great, ^ 

Now let us apply this principle to the moon and 
earth. Suppose E (fig, 10) to bo the earth, M the 
moon, and that the lines E s, M s' (appreciably 
parallel) arc directed towards the distant sun, We 
may suppose the globe S to represent the sun, and we 
may regard S s' and S s as the prolongations of SI a' 

• Tho studcab Bhoukl tost fchia assorfciou by a fow oalculatiqng, 
Thus ho can tako the iiumbora 415,081 and 45,082, and show that llio 
ratio of tho squares of thoso numbova la approximately roprosonted 
by tho ratio 45,081 to 46,083 j and thoroforo tho Inverse ratio of tho 
eqimrefi by tho ratio 45,083 to 46,081, Wo may equally well tako 
45,080 to 45,082 for tho ratio of tho .squares, and 45,082 to 45,080 
for that of tho Invorso aquaveSi 
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and E 8 , if wo recognise the fact that the gnp at s s 
wouldj on the scale of our figure, be some ten yards 
across. Now suppose that the sun’s attraction on a unit 
of the moon’s mass ' is represented by the Hue joining S 


Fig. 10, 



and M, then the line joining S and E will be too large 
to represent the sun’s attraction on a unit of the earth^s 


' Tlirougliont the explanation It must bo onto f ally bor no in mind 
that when tlio attraction on tbo moon or earth is spokon of, what is 
really to bo considered is tbo attraction on each unit of tbo innsH o£ 
either body. T)jo attraction of tbo sun on the whole mass of tlio earth 
Is always far greater than his attraction on iiio whole mass of tho 
moon I but this clroumstanco in no way concerns us In studying tho 
lunni' perturbations. For that excess of atlractlon whioli dopoiula 
on tho earth's giontor mass is strictly compensated by tbo circum- 
stance that tbo mass afTectod by it is correspondingly groat. Tbo 
case limy bo corn pared to that of two nnoipial masses lot fall at tho 
Bumo moment from tho samo height above tbo earth. Hero tho 
earth's attraction on tho gmator mass is greater than hor attraction 
on tho less. Yot tho greater mass falls nt no greater rate ; booaimo 
that greater attraction i,s employed to move a coiTospondingly 
greater mass. 
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slaT*** ^ away from. S than M is (in tlio 

i? rejjvesented by the figure), so that the 

,| '^*^^ *^'***^^ It* is less than the attraction on hi. If we 
•'iw j I K Hqiuire to Es, we have the distance of K 
/.•VI*. equal to the distance of M from S. 

. IS tlujii th« excess of the distance of E from S over 
’^i'^biuco of IVI from S. If the sun’s attraction 
iniiiiislH.ul as the distance increased — that i.s, if it 
ic aiinply as the inverse distfince, — we need only 
bike ull K Iv equal to this excess EK, in order to get 
• he lino (ruin. S to L representing the attraction of the 
rm.i on the earth at E. But as the force is inversely as 
i In Kipuiio of the distance, we must (from what was 
nli.ovn ill t.lio preceding paragraph) take K H equal 
I II ( Avii'o the excess E K, in order to have the distance 
li'iini S (t) JI representing the sun’s attraction on tho 
ciiil li at 1C. 

I'lcw, lot UB malto a separate figure to indicate the 
(let. mil Hlatc of things in such a case as wc have con- 
Hi(l<jrc(l. There ia the sun at S (fig, 11) pulling at tho 
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J I icon with a force which we have represented by M S 5 
mnl ho in pulling at the earth with a force which wo 
riipre-Moiifc on tho same scale by S H. This last force, 
Ko far ns tiro moon’s place with respect to the earth is 
Doiun.irncdj Is clearly n force tending to keep the moon 
iiml earth together. It may he represented then, in 
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ikis sense^ by the line S IT, or as a force tending to 
tbvnst the moon from the sun (almost as strongly and 
directly as the direct action on M tends to draw the 
inocm ioxvavds the sun).^ Thus the moon is virtually 
uctod on by tlie two forces represented by M S and 
H II ; and tbereforo, by the well-known proposition 
called tli(3 triangle of forces, wo have, as the resultant 
perturbing action on the moon, a force represented by 
tlm line M 

Thus wc have an exceedingly simple construction 
for determining the snn’s perturbing action on the 
moon (as compared witli liis direct action) when she 
is in any given position. Wo have merely to draw 
M. K (see flg. 10) square to the line joining K and S, to 
take K IT equal to twice E IC, and to join Mil; then 
M It is the perturbing force, where the lino joining M 
and S represents the sun’s direct action on the moon,^ 

• Of coui'so tlio Run’8 notion on Hio earth does not really amount 

to ti foroo or ropolling tho moon from tlio sun, Bat In 

tho sun's uortnrbina* notion on tho moon, wo have in 
otVoot to tako tho excess or dofeob of tho sun's full notion on tho 
im)f>n as conipared with his full action on Iho earth, so tljat tho 
liitl or action iioccssarily comes to bo viewed inn sense contrary to 
its real luitiiro, pveolsoly as in ordinary arlthmofcio n siiin wljlch Is 
posillvo in itself is considered to bo negative when it has to bo 
su])*rnctod, 

■» If thestndont Is more fumiliav with tho parallelogram of forces 
than witii tlio wniio property uudor tho form oallod tlio triangle of 
forc(JS, ho should draw a lino from M parallel and equal to S H ; lie 
will llud lliati^I II is Uio diugoiml of ii piirnllologmm having this 
Jliio nud M S ns adjacent sidos. 

* riacltoiilly M JI may bo taken to roproaont tho sun's perturb- 
ing rnalon on tho moon when tlio lino joining 10 and B vopresonts 
dm HU nVi direct notion on tho oavbli ; for tiio proportion of M 8 to 
oilKcr Ifl 8 or 11 8 is very nearly unity under nil olrcumatuncGs, 
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Let US now figure the various degrees uf peri urbing 
force exerted on the moon when she is in different 
parts of her orbit, neglecting for the present the in- 
clination of her path to the ecliptic; in other words, 
regarding all such lines as Mil (fig. 11) as lying in 
one plane. The ellix)ticity of the moon’s orbit is also 
for the moment neglected. In fig. 12 this has been 
done. To avoid confusion, the different points where 
the action of the perturbing force is indicated have 
not been all lettered. Nor has the construction for 
obtaining the lines indicating the perturbing force 


Fi|y. 12, 



been indicated in any instance. The student will, 
however, have no difficulty in interpreting the figure. 

Mg Mg M4 is the moon’s orbit around the earth at E. 
The sun is supposed to lie on the right in the pro- 
longation of E A. At Mj the perturbing force is 
outwards towards the sun, and is represented in 
mngnitude and direction by the line A, which is 
equal to twice E Mj. As the moon passes from Mj to 
0| the perturbing force gradually becomes more and 
more inclined to the line E A, but continues to act 
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outwards with respect to the orbit Mj M2 M3 At 
howeverj the perturbing force is for the moment 
tangential to the orbit, and after the moon has passed Oj, 
(he force acts inwards. This continues until the moon 
has passed to O3, a point corresponding in position toO, 
but on the left of M2 E. At M.^ it is clear that the 
force is represented by the line Mg E, and is simply 
radial. Also, in actual amount the perturbing force is 
less at M2 than at any other point in the semicircle 
M| Mg M3, After jiassing Og the force is again exerted 
outwards, becoming wholly outwards at Mg, when it is 
represented by the line Mg A' equal to Mj A, or to the 
diameter of the circle Mg Mg Passing from 
Mg to M^, and thence to Mj, the moon is subjected to 
corresponding perturbing forces, varying in the reverse 
way, At Og the force is wholly tangential, at it is 
wholly radial, and represented by the line E, At 
O4 it is again wholly tangential 5 and lastly, at Mj the 

* 0 | is determined by the oirciimstance, that when Oj K is 
drawn square to E A (the student can pencil in the lines and 
letters hero mentioned), and K L taken equal to twice E K, 
0, Ij is a tangent to the circle M, Mj M 4 . Since the square 
on the lino E Oj is equal to the rectangle under E K, E L, or 
to tlu'co times the square on E K, wo obviously have the cosine 

of tho angle 0 , E K equal to whence is an aro of 64® 44*, 

V o 

and Oj Mg, Mj 0,, and O 4 are also arcs of 64® 44*. In Herschel’a 
Outlines of Astrommy these arcs are given as 64° 14', and the 
llguro to art, C76 is correspondingly proportioned. Bub 64° 44' is 
tho correct value, Indeed it will be obvious in a moment that an 
aro of 60° would give a perturbing force lying within the tangent, 
siuQO tho tangent at tho extremity of an aro of G0° clearly cuts the 
lino E A at a distance from E four times as great as the distance 
of tho foot of a porpoiidioular let fall from tho same extremity, 

F 
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force is again wliolly radial, as at first, and represcntcMl 
by the line A* 

It ^Yill he very obvious that, on the whole, the per- 
turbing action tends to diminish the earth’s infiuende 
on the moon, si nee the forces acting outwards are 
greater in amount, and act over larger ares than thesis 
acting inwards* We see that Mj A and Mg A^, tlu^ 
inaxiinnm outward forces, arc twice ns great as JIj, h] 
and E, the maximum inward forces $ Yvhile the iXYv.n 
O 4 Oi and O 2 Og each contain 109*^ 28', or in all nearly 
21 O'" out of 360^- that is, more than tbree-fifths of iho 
complete circumference. Hence we infer that there is 
a considerable balance of force exerted outwards. 


13 . 



But it will be well to picture the radial for(‘(‘« 
separately. 

Let M H, fig.. 13, represent the disturbing force 
on the moon at M, and draw E M B radially and M ( J 
tangentially. Then comjilete the rectangle B C by 
drawing the perpendiculars It B and H C. By the. 
well-known rule for the resolution of forces, the force 
JI H is equivalent to the two forces represented l)y 
M B and M C, one radial, the other tangential. Siini- 
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Iiii'ly, if we had commenced by considering the force 
]M' ]:[\ fig. 14 j exerted on the moon at M', we should 
have found by a similar construction that the radial 
and tiing(*nHal forces at M' are represented by the 
Hues i\r \y and M' Q' * and so on, for all positions. 

Fio^. 14, 



Leaving the tangential forces for subsequent con- 
si<lcn’ation, let ua suppose the above construction ex- 
tended so UH to give the radial forces exerted at points 
uU around the moon’s orbit, and let us sui)pose these 
forces separately represented. We should then have 
l.li<3 roBulta pictured in fig. 15 , The radial forces are 


Fi{j, 15. 



nil exerted outwards from O4 to 0,, and from 0^ to O3, 
while tliey arc all exerted inwards from 0, to O2, and 
from Ojj to 0 ^. Wo see that the former forces largely 
exceed the latter. 
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The first great result, then, from the considcrivtiou 
of the sun’s perturbing action, is this, — it tends to draw 
the moon on tho whole outwards from tho earth, re- 
ducing the earth’s influence to a certain extent. 

We can compare tho actual amount of tlie radial 
force (or of tho perturbing force generally) with Ibe 
amount of the earth’s attraction ; and it is iinportanl: 
that we should do so in order that we may judge how 
the forces acting on the moon are related as rcspecls 
magnitude. 

For it will be remembered that the construction for 
obtaining fig. 12 is based on the supposition that the 
line from E to the sun represents tho sun’s direct 
attraction on the earth or moon. Now, the lino from 
the earth to the sun is about 92,600,000 miles long [ 
while the line M, A is equal to tho diameter of (.lie 
earth’s orbit, or to 238,800 miles. So that tho sun s 
maximum perturbing action on tho moon is loss l,haii 
his direct action, in the proportion of 2,388 to 926,0011, 
or is about one 387th part of the latter, lint the 
earth’s direct action on the moon is, as wo have sciui, 
equivalent to about 7-15ths of the sun’s. ITenco the 
sun’s maximum perturbing influence is less than tlie 
earth’s mean attraction on the moon, in the proportion 
of 15 to 7 X .387, or is about one-180th part of the 
latter. Thus the force inilling the moon nb M, towards 
the sun, would be I’eprescnted hy a line 387 tiinos im 
long as M, A, while the force pulling tho moon In- 
wards E would be represented by a lino 180 tinu's as 
long as M| A. The relations for the perturbing fnrccH 
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exerted on the moon in other positions, as well for the 
whole forces as for tlieir radial and tangential portions, 
are indicated by the proportions of the lines in figs. 
12, 15, and Ifi. AVhen the perturbing force has its least 
value, or when the raooir is at Mj or M^, tliis force, now 
wholly radial, is about one-774th of the sun’s direct 
action, and about one-3C2nd of the earth’s. 

But now we have to consider the circumstance that 
the earth’s path around the sun is eccentric, and that 
thus the sun’s perturbing inlluenco on the moon 
necessarily varies in amount. It will bo obvious that 
the perturbing forces must all be greater when the 
earth and her satellite arc nearer to the sun. Let ns 
iuquii’e in what degree they will increase. 

This question is readily answered. Fig. 12 indi- 
cates the magnitude of the perturbing forces when 
the line from the sun to E indicates the sun’s direct 
action. Now to simplify mutters let us take an illus- 
trative case, in order to determine the law according 
to which the magnitude of the pertm'biiig forces is 
aflccted. We have hitherto supposcnl the earth at her 
mean distance from the sun, or about 02,500,000 miles 
from him. liCt us now take the case when she is in 
perihelion, or about 91,000,000 miles from him. The 
moon’s distance, 2.S8,8()0, is contained a smaller nundier 
of times in the smaller distance, in the proportion of 
910 to 925 ; in other words, the pertnrlung force repre- 
sented by M, A is a larger aliquot part of the sun’s 
direct iuduenco, in Ihe proportion of 925 to 910. But 
the sun’s direct inlluence is itself incniased by the 
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approach of the earth and her satellite, in the pro- 
portion of the squares of these numbers; or as (l)25y 
to (91U)’. Hence the actual amount of the perturbing 
force is increased in the proportion of the cubes of these 
numbers, or as f925y to (910)1 Similarly, when the 
earth is in aphelion, or 93,000,000 miles from the smi, 
the sun’s perturbing influence is less than when the 
earth is at her mean distance, in the proportion of 
(910)=> to (940)». 

There is, however, a simpler method, sniTicienLly 
accurate for our purposes, of indicating these relations. 
When we cube two numbers which are nearly ciiual, 
we triple the proportional difference (approximately). 
Thus, if we cube 100 and 101 (whose difference is 
1-lOOth of the former), wo obtain the numbers 1,0()0,0()0 
and 1,030,301, which are to each other very nearly ns 
100 to 103 ; so that their difference is about S-lOOths 
of the former. Now the earth’s greatest, mean, and 
least distances from the sun are approximately as the 
numbers 62, 61, and 60 ; and therefore the perturbing 
influences on the moon when the earth is in aphelion, 
at mean distance, and in perihelion, are respectively as 
the numbers 64, 61, and 68 (obtained by leaving thu 
middle number 61 unaltered, and making the first and 
last differ three times as much as before from tlm 
middle number). 

There is, then, an appreciable difference bctw<M>n 
the perturbing forces exerted by the sun when tho 
earth is in peidhelion, or at about the beginning of 
January, and when the earth is in aphelion, or at about 
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the beginning of July. The earth’s power over the 
moon is more considerably diminished in the former 
case than in the latter. Now the partial release of 
the moon from the earth’s influence results in a slight 
increase of her mean distance and a lengthening of the 
moon’s period of revolution (we refer of course to her 
sidereal revolution) around the earth. This will be 
evident when wo consider that the earth’s attraction is 
always tending, though the tendency may not actually 
opeval e, to reduce the moon’s distance ; so that any ' 
cause diininiahiiig the total force towards the earth 
must enable the moon to resist this tendency more 
ellcctually than she otherwise would. In winter then, 
when the earth is near perihelion, the moon’s mean 
distance and her period of revolution are somewhat in 
excess of the average j for the sun’s releasing effect is 
then at a maximum. In summer, on the contrary, 
the earth being near aphelion, the moon’s mean dis- 
tance and her period of revolution are reduced slightly 
below t heir mean values ; for the sun’s releasing effect 
is then at a minimum. Thus the moon lags somewhat 
during the tviuter months, and regains lier place by 
slightly hastening during the summer months. She is 
fartliost hohind her mean place, so far as this cirevtm- 
stanee is concerned, in spring and autumn (at those 
eiiochs when she is at her mean distance), for it is at 
llioso times that the loss begins to change into gain, or 
vice wrs(t The greatest possible amount of lagging 
(Kici'uing in spring is such that the moon is behind her 
mean place by about a third of her own diameter. In 
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autumn she gets in advance of her mean place by 
the same amount. 

This peculiarity of the moon’s motion is called t 
annual equation^ and was discovered by Tycho Bial 

Associated with this variation is another of mii 
greater delicacy^ and having a period of Tnuch grem 
lengths We have seen that the eccentricity of t 
earth’s orbit alFects the amount of the sun’s perturbi 
influence, insomuch that this influence is somotin 
greater and sometimes less than when the earth is 
lier mean distance. It might appear that as there 
thus an excess at one season and a defect at anot h 
the general result for the year would bo the same 
though the earth travelled in a circular orbit at 1 
present mean distance from the sun. This, however, 
not the ease. If wo consider that, supposing the oiu 
to revolve always at her moan distance she would c 
scribe a circle having a diameter as great as the xiut 
axis of her actual orbit, we see that the elliptical ai 
of her real path is less than that of the supposed e 
cular orbit, lienee, on the whole, she is nearer to t 
sun than if she described a circular orbit in a y< 
instead of her elliptical path. It is true that she inoA 
more slowly when in aphelion, and thus her viji'ti 
yearly distance (so to speak) from the sun Is increase 
but this does not compensate for the actual reclueti 
of her orbit-area duo to the eccentricity of her orbi 
Hence the sun’s perturbing influence on the moon 

* T])o reasoning "by whioh tills may bo demonstrated oorvospoi 
precisely with that in pp, ICC, 167 of my treatise on iSW/i/rw, \vh 
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somewhat increased by the ellipticity of the earth’? 
orbit. Now this ellipticity is subject to slow variation, 
due to the influences of planetary attraction. At present 
it is slowly diminishing. The earth’s orbit is slowly 
becoming more and more nearly circular, without how- 
ever any change (or any coiresponding change) in the 
period of revolution. Thus the area swept out by the 
earth each year is slowly increasing, and the total of the 
sun’s perturbing influence on the moon in each year is 
slowly diminishing. The moon then is somewhat less 
retarded year after year; so that in effect she travels 
somewhat more quickly year after year. This change 
is called the aeculav acceUraiion of the mooTi’s mean 
motion \ or rather, an acceleration which is partially 
accounted for by the above reasoning has received this 
name. As a matter of fact, the moon’s mean motion is 
subject to an acceleration nearly twice as great as the 
change in the ellipticity of the terrestrial orbit 'will 
account for ; and astronomers have been led to suspect 
that a portion of this acceleration may he only apparent 
and duo to a real retardation of the earth’s rotation, — 
that is, a slight increase in the sidereal day, the unit by 
which we measure astronomioal time. With this cir- 
cumstance, however, we are not at present concerned, 
save in so far as it relates to the history of that 
interesting cause of acceleration which has been de- 
scribed above. Halley had been led to suspect that 

I bIiow tlmt a planot roooivos movo heat (laving a comploto rovolu- 
tlon in an ollipUoal orbit, Uinn it would receive in revolving round 
a circular orbit in the same period. 
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the moon had advanced somewhat farllier in her orbit 
than was consistent wi(h the accounts of certain ancient 
ecHpsesJ FLirthcr inquiriCvS confirmed the suspicion. 
The moon’s advance was slight, it is true, but to the 
astronomer it was as real as though it bad taken place 
midor his very eyes. The theory of gravitation seeincd 
to give no account of this accelex'atiou of the moon s 
motion. At length, however, Laplace was led to turn 
his attention to the variation of the earth’s eccentricity 
as a probable cause of the peculiarity. His calculation 
of the effects due to this variation accorded very closely 
^Yith the observed amount of the acceleration. Yet, 
although this agreement might have appeared con- 

» I qiioto hero aomo romnrka on Tlalloy’s rcscnrchcs by tho Rov. J . 1^1. 
‘\Vilsont ot Clift on » from a valimblo paper contributed to the 
a tnngazine euppovtcA by inombors of Et. John’s Oollogo, Cmnhrldgo 
(No.”xxvi. voU V.)* Mlnlley,’ ho says, ‘soems to have hoeii tho 
lirsfc who eonaidcred this question, With uatonialiing cloavncss ho 
BGlxcd tho conditions of the question, saw tliat tho knowledge of 
tUo olcmonts, on which the solution wna to bo founded, was ns yob 
incomplete, and saw also tlio probabilliy tbat wbon tlio accumio 
knowledge was obtained, lb would appear that there was a pneu- 
Uarlfcy in the moon‘8 motion entirely unforeseen by others, that it 
was now moving fas! or and porCorming its revolution in n shorter 
time than lb did in past time. If tho longitudes of Bagdad, 
Antioch, and other plncos, were accurntoly known, “I could then/' 
ho says, “ pronoiinco in what proportion tho moon’a motion does 
nccclcrate; which fcl>ab it does, I think 1 can deinonstrato, and 
si mil (Uod willing) ono day make It appear to thd public,” NowtoU 
adds to his second edition of tho Prineijnd tho words, — “ llnllciiis 
iiostcr motum medium Lnnra, oum motu diurno torrm collatuni, 
paulatim accolcrarl primus omnium, quod sciam, doprehondit," ' 

I have glvon an account of tho subject in tho Qnartcrlif 
Journal of Sokme for October, 1800, in an essay ontitled ‘ ITof, 
Adams's Rcconb riscoveries,' and a more popular account appears 
in my JAfjht Soic 7 ioo for Ldsiirc Ilovn, lu a paper called ♦Our Chief 
Ti mopiccQ losing Time/ 
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vineing, and aUbongh a portion of tho acceleration is 
undoubtedly due to the cause in question, the iiuiuiries 
of Professor Adams (confirmed by the rcscarclies of !)(?■' 
launay and others, and now universally admitted) show 
that in icality only half the observed ucceleniiion can l)(i 
explained by the change in t he earth’s ovbilul ceceul ricity. 

But it is to be noted that the variution itself is 
exceedingly small, as is also the discrepancy botwtam 
observation and theory* We have scam that the wmviial 
equation causes the moon to be displaced by about oikj- 
third of its diameter in opposite directions in spring 
and nuiiunn, the actual range of this oscillatory varia- 
tion being therefore equal to about two-thirds of tluj 
moon’s diameter. But the theoretical seeulav acceU- 
miion^ though its effects are acemn illative, and in 
geometrical progression, yet in a century would only 
cause the moon to be in advance of the place which 
she would have had, if the accelei alien had not operalod 
during the century, by one-JlOOth part of her (]iam(it(?r ; 
and the actual secular aoc(deratiou only causes the 
moon to gain about twice tho distaiuje, or about one- 
150 tli part of her diameter, in a century.^ 

Wo have next to consider one of tho most itn|)or- 
-tant perturbations to which tho moon is sul)j(‘eted so fur 
us the rate of her motion in her orbit is cou(?(n’n(?d. 

Wo have hitherto considered chiefly the radial part 
of tho perturbing force, Wo must now discuss tlu^ 

^ In two hniKlrod yours Iho gain ts four tlinoH aw gnuit. In lliroo 
huiuli'cd yoara nino Umos ns ituicli, mid ho on. Eor Uio u1k>vo illuH- 
t ration 1 am iiulobtod to Mr, WjIhoii’h impor moullomid in Uiu 
preceding nolo. 
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variations in the tangential force. We have already 
seen how this force can be separated from the radial 
force. Let us suppose the method applied to give a 
figure of the tangential forces corresponding to that 
already given (fig. 15) for the radial forces. To do 
this^ we have to draw a number of lines obtained as 
MCandM'A' were obtained in figs. 13, 14. When 
this is done (and the reader is recommended not to 
be satisfied until he has effected the construction for 
himself independently), the force-lines are found to 
arrange themselves as shown in fig. 16. It will be 


Fig. IG. 



seen that each loop springs from one of the points II 
M 2 , Mg, (where the tangential force vanishes, and 
the radial forces have their unequal maxima), and 
bends round so as to end at another of those four 
points 5 and we see that at the four points mj, 771,,, 
(midway between the former, and nob far from 
those where the radial force vanishes) the tangential 
force has its maximum value.* 

’ Tho frangontial fovoo attains its maximum mtdwnj^ bctwcoii 
the points M„ M,, and not, as is somotimcs stated, at tljo 
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Now as the moon is passing over the arc Mj the 
tangential force, acting in the direction shown by the 
curves, is retardative, and most effectually so when the 
moon is in tho middle of this arc, or at the point Wp 
As the moon passes from to Mg, the tangential 
force is accelerative, and most cffeotxially so when tho 
moon is at the middle of the arc Mg, or at tho point 
mg. As the moon passes over tho arc Mg the 
tangential force is again retardative i and it is again 
accelerative as the moon traverses the arc Mp 
attaining its greatest value when the moon is at tho 
middle of these respective arcs, or at and 

Since, then, retardation ceases to act when tho moon 
is at Mg, tho moon is moving there with maximum 
velocity, so far as this cause of distiirbaiico is con- 
cerned. In like manner tho moon is moving with 
maximum velocity at Mg, with minimum velocity at 
M^, and lastly with maximum velocity again at Mp 
It will be clear, then, that near the points mp mg, m^, 
and mp the moon moves with mean velocity y the arcs 
mi and m^ mg are traversed with a velocity exceeding 
the moan ; and the arcs m^ and m^ with a velocity 
falling short of the mean. Thus at or near Wj tlu^ moon 
ceases to gain, and tlicvefore tho amount by which she 
is in advance of her mean jdace luis attained its maxi- 
mum^ >vhcn the moon is at or near mp feimiUirly, tl\e 

mints ^Yhln*n tlio vjidinl forco vnnlsliOH. It is obvious from Hgt IS 
tlmt If tlio miglo II E li JImS cos 0 sin Ofsijj niii 20 | and lliirt 
oxprcHsloii bus its ixroiilcst vnluo when sin 20=1, or 

> It is oingnlur bow fr(fii«ontly Iho vory siinpbi laimjipbsH oi\ 
wliloh tbo utudnincnt of u uiuxlumin, inciiiii, or minimum value 
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amomiL by which the moon is behind her moan placij him 
uttained its maximum when the moon is at or near 
At she in figain in advunco of her menu place hy a 
maxi mum ainoimt, and at she is again belli ml her 
mean place by a maximum ainoant. 

This inequality of the innou’s motion is called i 
Variation, It is so marked that at the points <?on'e- 
eponding to m, and tho moon in in advance of lirv 
mean place l 3 y an amount equal to about her own 
diameter, while at and m^ she is by a similar aiuoun f. 
behind her mean place. The range of the variation in 
thus equal to about twice the moon’s diameicr, ’riii5 
period of the variation is on the average half a lunation, 
Birice in that time the moon passes from her griMili-Ht 
retardation (due to this cause) to her greatest advaiico, 
anil so back to her greatest retardation. Wo owe tn 
Tycho Brahe the discovery of this inccjuality in tlni 
moon's motion.* 

depend, nro niisiimlcrstood j and how commonl}^ Uio \ t 

made ot snpxmtng that a ma::inuiin oi* mini in am vnliio is alt at nr 
when tlio increasing or diminishing oafm Ih most oITccilvi*. It 
is precisely when an inoroasing cunso is most cffcctlvo Unit tin? rttfn 
of iiwrcaso is greatest, and ilierofora tiio inaxiinnm vnluo in thru 
clearly not attained* And so of a minimum vnluoi thm'n i^iiu 
olcnrly bo no minimum while iho doorcasing cause is kUU oirtMUlvr. 
It is when n cause ncitlicr tends to increase nor dimlniHlif-'- alini 
is, whoti it 1ms a mean value, — tliab the maximum or inlnhunm 
of oilccb is attained, Thus tn spring the suiVs daily eluvatliui 
i ncreasing more rnpldiy than at nny other time, and in auUinih I hi' 
daily Elevation is diminishing most rapidly j bub it is nob at lhi*Ht> 
treasons that tbo sun attains hla maximum or minimum degrre of 
elevation ; this happens In tlio smnmer and winter, wiion liis daily 
elevation changes least, 

* It will bo ovidoiit that the ancients, wlio trusted ohlrdly tu 
ecUpsea to deterralno the laws of tlio moon’s motion, were [mi- 
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And now, precisely as wo had, after considering the 
annual aquation^ to discuss an associated but much 
snmller inequality, so there is an inequality associated 
witli llie variation, hut much smaller in amount. It 
is, however, more interesting in many respects, pre- 
cisely as the secxdaT acceleration of the moon is a 
more interesting inequality than her annual equation, 
We have hitherto not lalcen into account (he cir- 
eiiinstauce tliat though the sun’s distance enormously 
exceeds the radius of the moon’s orbit, It is n evert he- 
]{m not HO great but that there is an appreciable 
relalivo dilTercncc between the moon’s distance from 
the sun when in conjunction with him (or at the time 
of now moon), and when in opposition (or at the time 
of full moon). When the earth is at her mean dis- 
tance from the sun (or 92,500,000 miles from him), 
th(^ moon’s distance from him when she is new is 
92,7^18,800 miles, and when she is full it is only 
92,201,200 miles, — so that these extreme distances 
are proporlioued as the numbers 927,388 and 922,612, 
or, nearly eiiougli for our purposes, they are as the 
iiumbors 201 and 200. Hence, by what has been 
already shown, the perturbing forces on the moon in 
these two posltionr* are as the numbers 203 and 200. 
'I'hns the dineronoe, though slight, is perceptible. 
"\'cb again, the where lines drawn from the 

sun touch the moon’s orbit are nob quite coincident 

nluilcd from rucoi^iiiHlng tho loiiifti-lctiUlo dlsplacomcnt duo to tbo 
variolim j kIiico oclipsoH nocosHJiiily occur when the moon is on ilio 
line Uivough l.lic enrih and sun, or when the moon is at 

or at which points tho varniLlou vimlshos, 
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with the points M^and (fig. 12), but are slightly 
displaced from these positions towards M,. Here, 
again, the amount of either displacement, though 
slight, is appreciable. It amounts, in fact, to an are 
of about 8 'J minutes ; so that the points in question 
divide the moon’s orbit into two unequal arcs, whereof 
one, the farthest from the sun, exceeds a semicircle by 
17-J- minutes, w’hile the other falls short of a semicircle 
by the same amount, —the larger thus exceeding the 
smaller by 36', or more than half a degree. 

It necessarily follows that the direct effect of the 
tangential force in increasing or diminishing the 
moon’s mean motion, is not equal in the two halves 

M, M, and M, M, (fig. 12 ). It is greater in the 
former semicircle, on the whole, than in the latter { 
but the points where the tangential force vanishes 
lie outside the extremities of this latter semicircle. 
Thus the points where the variation attains its maxi- 
mum value lie on the side of and towards Mp 
and on the side of m, and Wj away from Mg 5 and tho 
amount of the maxima at the two former stations is 
greater than the amount at tho two latter. Moreover, 
when the earth is in perihelion these effects are greater, 
while when she is in aphelion they are less than when 
she is at her mean distance. The maximum inequality 
thus produced, a variation of the ‘ variation ’ as it were, 
amounts to about two minutes, or about tho sixteenth 
part of the moon’s apparent diameter. It is called tho 
^arallactio inequality, because of its dependence on 
the sun’s distance, which, as wo know, is usually ex- 
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profiaed by a reference to the solar imrallax. And U3 
i\\Q inequality depends on the sun's distance, so its 
obflorved amount obviously supplies a means of deter- 
mining the sun^a distance, It was, in fact, a determi- 
nation of the sun’s distance, deduced by Hansen from 
llie observed amount of the moon’s maximum parallactic 
inequality, which recently led astronomers to question 
a value of the distance, based on observations of Venus 
iti trauHit, which had been for many years adopted in 
our text-books and national epliemerides. 

BefovG conoUicling this sketch of the general effects 
resulting from the sun’s perturbing action on the moon 
it is to be noticed that the tangential force affects the 
secular acceleration of the moon. It had long been held 
that only the radial force can really be effective in long 
intervals of time, because the tangential force is self- 
compensating, — if not in each lunation, • yet at least in 
the course of many successive lunations. But as a 
msilter of fact, inasmuch as the eccentricity of the earth’s 
orbit is undergoing a continual though very gradual 
diminution, an element is introduced which renders 
this compensation incomplete, — >nob merely in many 
auccesnivo lunations or in many successive years, but in 
many successive eeuturies. So long as the eccentricity 
of the earth’s orbit continues to diminish, there can in 

' Oi! course, in a thorough analysis ot the action of the tangon- 
llfil foVGO, lb )^as to bo i‘omombGi-ocl that, apart from the Glliptlcity 
of the moon's orbit, and tho consequent inequality of the sun’s per- 
tiU'hltig action In dllTovout quarlrnuts as ’well ns in difTcrent halves, 
tho orbit is undergoing a process of continiml change, evon undw 
the action of the tango utitvl and radial forces themselves. 

a 
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fact be no tendency to exact compensation bo far as 
tins particuliu' element is concerned. Now this circum- 
stance bad not escaped Xrnplace when he discussed the 
moon’s secular acceleration j but he was led to believe 
that its effects would be insignificant. Professor 
Adams, however, in re-examining the whole subject, 
made inquiry how far this view of the matter is jus- 
tified. The experience of past inquirers had shown 
that no cause of variation, and particulaidy no cause 
having effects oumuktive for many successive years, can 
safely be neglected. Professor Adams remarked ; ‘ In a 
great problem of approximation, such as that presented 
to us by tho investigation of the moon’s motion, ex- 
perience shows that nothing is more easy than to 
neglect, on account of their apparent insignificance, 
oonslderationa which ultimately prove to he of tho 
greatest importance.’ 

The further discussion of the moon’s motions would 
not he suitable to the pages of a popular work like the 
present. 

It was only the unique comhinatiou of powers 
possessed by Newton that rendered it possible for him 
to grapple with the problem of tho moon’s motions 
in the first instance. Even he would have failed 
hut for certain fortunate oii-cumstances by which ho 
was assisted. Since bis day the problem has been 
dealt with by the most acute mathematioians, the most 
skilful observers. Mathematical analysis has been 
carried to an unhoped-for degree of perfection to 
account for iieculiarities of lunar motion revealed by 
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oIjRorvation. Observation has been pushed to the utmost 
point of delicacy to detect peculiarities of lunar motion 
predicted by mathematical analysis. The history of 
tho contest is adorned by the names of nearly all 
the leading observers and mathematicians of the last 
century and a half; a host of names so distinguished, 
that it becomes almost invidious to iDarticularise any 
ntnong them. In the ■whole history of the researches by 
which men have endeavoured to master the secrets of 
imttire, no chapter is more encouraging than that which 
relates to the interpretation of the lunar motions. 
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CHAPTER III. 

THE moon’s changes OF ASPECT, ROTATION, 
UBBATION, ETC. 

The moon’s motions in the Iighvgus, ns soon fiom tlio 
earth, are roadily understood from ivhat is known of 
her actual motions. I propose now to enter into a 
general consideration of these apparent motions of 
the moon, and of the varying aspect which she accord- 
ingly presents to us. It would bo possible to fill a 
much larger volume than the present with the detailed 
discussion of these matters ^ nor would such a volume 
be wanting in interest, at least to those having mathe- 
matical tastes. I do not indeed know of any subject 
which a geometrician could better wish to examine. 
It is full of neat and interesting problems, and might 
worthily occupy many years of labour. But in this 
volume such researches would he out of place. Wo 
must ho content "with such a consideialion of the 
subject as shall leave none of its salient features un- 
explained. In passing it may be remarked that even 
such a treatment of the moon’s apparent motions has 
long been a desideratum, inasmuch as onr text-books 
of astronomy have hitherto left these matters almost 
untouched. 
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In the first place, then, it is to be noticed that the 
moon completes the circuit of the heavens on the 
average in 27*322 days, — that is, in 27^* 7''* 43*7™. If 
we watched her motion from the time when she was 
in conjunction with any given star until the nest 
conjunction, and the next again, and so on, for many 
successive conjunctions, we should find that the mean 
interval is that just stated. This is called the sidereal 
month. 

If, however, instead of taking a star, we took the 
point on the heavens where the ecliptic crosses to the 
north of the equator, we should not find the interval 
exactly the same as the sidereal month ; because this 
point on the heavens is constantly, though slowly, 
moving backwards, or so as to meet the moon’s motion. 
This point — called, as all know, ‘the first point of 
Aries’ — makes the complete circuit of the heavens 
in 26,808 years; and therefore in a sidereal month 
travels over a very minute arc indeed, less in fact 
than 4". So that the difference between this new 
kind of month, called the tropical month, and the 
sidereal month, is very minute. The mean tropical 
month is necessarily slightly less than the sidereah 
The latter is, with great exactness, 27*32166 days, 
the tropical month is 27*32166 days, or about 6^ seconds 
shortci*. 

Now lot us in the first instance consider her motion 
ns though it took place in the ecliptic, and uniformly, 
so that in fact we are supposing the moon to move 
apparently in the same com*se among the stars as the 
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sun, only that instead of taking about 36oj dnyw in 
completing the circuit she takes about 27^ days* 

Let K E', fig. 17, represent a part of the earili’n 
path round the sun S, and let JMj Mg bo tho 
path of the moon, and suppose that tlie moon is at M , 
when the earth is at E. Then it is the time of ^ now 
moon the moon lies towards the sun’s place, aii<l if 
she could be seen, would be at the same part of tlm 


Fig, 17* 



ecliptic, or in conjunction with the same star. Li*t 
E E' be the arc traversed by the earth in 27*322 clays, 
or in a sidereal montli. Then the moon has gone onco 
round and is in conjunction with the same star, — * 
in other words, the line E' directed towards the 
moon, is in the same direction as E S, — that is, E' 
is parallel to E S. But the moon has nob come up to 
the line E' M' S, joining the sun and earth, >Soino 
time has still to elapse, therefore, before it is again now 
mooui In like maimer, if the moon had been at when 
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the earth was at E, it would have been the time of ‘ first 
quarter,* — she would be atma when the earth was at h/, 
— in other words, she would not yet have reached 
the place of ‘ first quarter.* And siinilarly, if it had 
been ^full moon,* ‘third quarter,* or any other lunar 
epoch, when the earth was at E, the corresponding 
epoch would not have arrived when a sidereal month 
had elapsed. 

Wo see then that the Ixbmdion^ or the time in which 
the moon goes through her phases, is longer than the 
sidereal or than the tropical moulln And it is very 
easy to calculate the exact length of the liiiuition, or, 
as it is called, the synodical month. In 27*322 days, 
the moon 1ms not completed the whole cyclo of her 
phases, but only the portion M' out of the 

w'holc cycle, — that is, she has completed the whole 
(^yclo, less the portion Now, the angle VJ M' 

is obviously the same as the angle E' S Ej henee the 
part Nvanting from the complete cycle bears to the whole 
cycle the Bumo ratio that E E' boars to tlio com- 
plete orbit of the earth, or that 27*322 days bears 
to 365‘242 days. The moon, then, in 27'322 days, 
completes only Sths of a lunation (the numerator 
being obtained by taking 27*322 from 305*242). So 
that a moan synodical month exceeds a mean sidorenl 
month (or 27*322 days) in the same i)roportion that 
365*242 exceeds 337*920. Increasing 27*322 in this 
proportion (a mere rule of three sum), wo obtain 
20*631,* which is the length of a lunation. 

> More oxnot vnluos ai'o glvon in tlio iablow. 
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The phaRes of the moon arc explained in text-books 
of astronomy. But a few remarks on the .subject nuiy 
be useful. 

Let Mg M3 .... fig. 18, represent the moon’s 
Fig. 18 . 



orbit, the aim being many times farther away than 
in the figure. The earth and moon aro relatively 
much exaggerated in dimensions 5 and the moon ia 
shown in eight equidistant iiositions, as though 
slie performed a complete circuit while the eartli 
remained at E. Now obviously, when the moon is at 


Fig. U), 
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Alp her darkened side is hrrned towards the earth, and 
she cannot be seen* She is ns at 1, fig. 19. As she 
advances towards Mg, the observer on tlio earth E, and 
supposed to be standing on the half of the earth shown 
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in the figure, sees the moon on the left of the sun, — 
that is, towards the east,' and he would clearly see the 
tight or western side of the moon i)nrtly illuminated. 
The case, so far as this illumination is concerned, is 
exactly the same as though the moon at had turned 
an eighth round on an axis upright to the plane of her 
motion, in such a way as to bring into view the parts 
beyond her eastern edge. Thus, the aspe< 5 bof the moon 
is as shown at 2, fig. 19. It is readily seen that when 
she is at M 3 , fig. 18, her aspect is as at 3, fig. 19 ; and 
so on. 

All this is as explained in the text^books. But 
there are two points, even in this elementary matter, 
which may need a word or two of explanation. 

First, as to the position of the lunar crescent. Wo 
SCO the moon in varying i) 08 itions on the sky j and at 
first sight there appears to be no definite relation 
between her position and the position of her cusps or 
horns. Indeed, this feature of her aspect has seemed so 
ohangoful and capricious that it has oven been regarded 
ns a weather-token. In reality, however, there is a 
simple relation always fulfilled by the inooiVs cusps. 
The lino joining them is always at right angles to the 
groat circle passing through the sun and moon.*^ 

* Tho rcador sbouUI horo hold tho plato bo ae to have 13 towards 
him, [ind H and Mj from him, 

^ This will perhaps seem obvious to most readers. Tho proof 
of tlio proposition is comx)rohoiidod in tho f olio ^YSngoonsiclcrntionB : 
—Tho ciiclo hounding tho ilhiminatccl half of tho moon noccssanly 
has its piano at right angles to tho lino Joining tho centres of tho 
Bun and moon ; tho oirolo hounding tho moon’s visiblo hemlsphoro 
neaossarily has Its plnno at right angles to tho lino joining tho 
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the moon is always near the ecliptic, this amounts to 
saying that the line joining the cusps is always nearly 
at right angles to the ecliptic. It follows, of coiirso, 
that as the angle at which the ecliptic is inclined to Urn 
horizon is variable, so the position of the line joining 
the cusps varies with respect to the liori^^oii, As res])(jets 
the gibbous moon (or moon more than half-full), thos(t 
variations ai’e not much noticed ^ but in the case cl 
the crescent moon, generally observed rather near the 
horizon, they are very noteworthy. For iiivStanco, 
let the time of year be such that tlm part of the 
ecliptic near the western horizon, soon after sunset, is 
inclined at nearly the greatest possible angle to the 
horizon, — that is, let the season somewhat precede the 

vernal equinox, — the 
time ns wo know, when 
the zodiacal liglit is 
most conspicuous in ihi) 
evening, Then, in our 
latitudes, the inclina- 
tion of the ecliptic to 
the horizon is about 
sixty-tw’o degrees, and 
supposing the moon on 
the ecliptic, and young^ as shown at AI„ in fig, 20, the 
line joining the cusps will only be inclined about 
twenty-eight degrees to the horizon, But next sup-* 

oentres of tho earth nod moon \ thus tho liilcrscction of thofio olroloa 
OT tho lunar ousps must Ho on n lino nt right nnglos to tho piano 
containing tho three centres, -~llmt is, to tho piano of tlio groat 
circle through tho sun rind moon. 


Fig, 20, 
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pose that the moon at this lime is at her greatest 
distance north of the ecliptic, or at SIg, five degrees 
from the position Mp and about the same distance as 
in the former ease from the sun. Then the great-circle 
arc S IMq from the sun to the moon is inclined ten or 
more degrees (according to the moon’s age) to S Mp 
and the line joining the cusps is, in this case, inclined 
less than IS'’ to the horizon. Indeed, ^vhen the moon is 
very young, the angle S is considerable : hence 
S JIj makes a considerably larger angle vfith. the 
horizon than S Mp and the line joining the cusps is, 
as shown in the hgure, much more nearly horizontal. 
A very young moon seen soon after sunset, under these 
circumstances, may have the line joining its cusps quite 
horizontal, or even have the northern cusp lower than 
the southern.^ Like considerations apply to the case 
of the old crescent moon,^ before sunrise, soon after the 
autumnal equinox. 

Next, however, suppose the western part of the 
ecliptic lit its least inclination to the horizon, soon 
after sunset, or the time of year shortly before the 
autumnal equinox. The state of things is that illus- 
trated in hg. 21. Then in our latitudes the inclination 

» It is hardly iicocssary to sny that I ho exact angles for any 
position can ho quite readily calculated; but tlio matter is not 
of snoh a iinturo as to require the introduction of such calculations 
liorOi TIio student acquainted with the tlenicnts of spherical tri- 
gonometry may fmd interesting and not uninslriictivo occnpntion 
for a leisnro hour or so in considering a few cases. The angle 
ALj 8 M, is more than 10® when the moon is less than ono-eigbth 
full, or halfway to tljo first quarter, 

» The word crescent hero means merely crescent-shaped, not 
crescent in the sense of increasing. 
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bo such and such weather when the line joining the 
cusps is seen (for instance) nearly horizontal, the moon 
being new, is the same as asserting that there must be 
such and such weather at the time of new moon in 
February and March, if the moon is then nearly at 
her maximum distance from the ecliptic. And so with 
all such cases. If there were any value at all in such 
predictions, they would imply the strictly cyclic return 
of such and such weather. 

Lotus next consider the actual motions of the moon 
in the heavens at different times. W.e shall have, in so 
doing, to take into account the inclination of the moon’s 
path to the ecliptic, as well as the eccentricity of the 
lunar orbit. 

So long as we regard the moon as moving in the 
ecliptic, we can at once determine the nature of the 
moon’s movements during any month of the year, by 
considering where the sun is placed on the ecliptic 
during that month. Thus , in March the sun crosses 
the equator ascendingly. Hence, at the time of new 
moon, the moon is near the equator, and, like the son, 
is about as many hours above as below the horizon. As 
the moon passes to the first quarter, she traverses the 
ascending iwt of the ecliptic, and at the time of first 
quarter is near the place occupied by the sun at the 
midsummer solstice. In other words (for we cannot 
too directly refer these motions to the stellar heavens), 
the moon is near the place where the constellations 
Taurus and Gemini meet together. Thus the first- 
quarter moon in spring is a long time above the 
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horizon, and is high when in the south, Hko tlie sun 
in midsummer. She passes on to full, when she is 
again near the e{|uator,*^or rather when she is ^ full * 
in March (which may be earlier than the date wluMi 
she is at her first quarter) she is near the equator where 
the ecliptic crosses it, or in Virgo. So that the full 
moon in spring is about twelve hours above the horizon, 
and as high when due south as the sun in spring. Tlio 
‘third-quarter moon’ in March is, in like manner, 
nearly in the part of the ecliptic occupied by tlie sun 
in winter, or where the ecliptic crosses the equator i« 
Sagittarius. She is therefore but a short time above 
the horizon, and low down when due south, like the 
winter sun. And it is easily seen how at intermedinto 
phases she occupies intermediate positions. 

By similar reasoning, we find that in midsummer 

(i) the new moon is in Taurus or Gemini,' and long 
above the horizon ; (ii) the first-quarter moon is in 
Virgo, and about twelve hours above the horizon j 
(ill) the full moon in Sagittarius, and a short time 
above the horizon { (iv) the third-quarter moon in 
Pisces and about twelve hours above the horizon, 
n mid-autumn~(i) the new moon is in Virgo, and 
about twelve hours above the horizon ; (ii) the first- 
quarter moon in Scorpio or Sagittarius, and only a 
short time above the horizon; (iii) the full moon in 
iscej and about twelve hours above the horizon 5 
(IV) the three-quarter moon in Taurus or Gemini, and 
reference tbroueliout in to the ooMiiom. not to the 
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a long time above tlie horizon. And lastly, in mid- 
■wintci’^ — (i) the new moon is in Scorpio or Sagittarius, 
and only a short time above the horizon ; (ii) the first- 
quarter moon in Pisces, and about twelve hours above 
tli(j horizon 5 (iii) the full moon in Taurus or Cretnini, 
and a long time above the horizon } (iv) the third- 
(|uarter moon in Virgo, and about twelve hours above 
the horizon. 

The student will find no difficulty whatever in es- 
t(!nding these considerations to other months, or in 
applying much more exact considerations to special 
cases. For he will notice that what has j ust been stated 
presents only the rougher features of the matter. But 
nothing can bo easier than to apply the first rough 
corrections for such an inquiry. Supposing, for ex- 
ample, that we wish to know generally what will he the 
moon’s diurnal path (that is, her course round the 
heavens during the twenty-four hours) when she is at 
her first quarter on the 10 th of April: we know that 
on the 10th of April the sun is some twenty degrees 
past the vernal equinox, which he had crossed on 
or about tlie 20th of March 5 the moon at her 
first quarter is 90“ farther forward, or some twenty 
degrees past the place of the summer solstice ; corre- 
sponding to a position on the ecliptic, about equidistant 
from the two stars k and 8 Geminorum. Her course 
above the horizon will con-espond to the sun s course 
about twenty-one days after the summer solstice,— that 
is, on or about July lUh. Similarly any other case 
piay bo dealt with* 
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then carded by fcho diurnal motion along E Q to lier 
culininafion in the southland so to her setting place in 
the west, Now if her orbital motion were on the 
equator, she would be on the next night at tlie same 
Iiour at a point such as m on the equator (E m being an 
arc of about 12® 12'), and would bo carried by the 
diurnal motion to E, where she would rise about 50J- 
inlnutos later than on the former day (and about 1.3® in 
advance of her former place). But her actual motion 
is nearly on the ecliptic i and when she was at E on 
the first day the ecliptic must have been in one of the 
two positions c E or e' E, (In other words, E must bo 
the point where the ecliptic crosses the equator, either 
clescondingly or ascendinglyd) Now, in the former 
case, the moon on the second night will be as at M, and 
will bo carried by the diurnal motion to the point h on 
the horiTion j in the latter she will bo as at M', and will 
be carried to the point /t' ; and obviously M h is a 
much longer arc than M' h\ In fact, if K E K' be part 
of the equinoctial coluro (or circle square to the equator 
through the equinoctial point E), the two arcs M Kand 
Ji' K' are obviously equal, ^ and wo see that M h ex- 
coerls, while M' h' falls short of, the common length of 
those equal arcs by the very appreciable equal arcs K h 
and K' Thus the hour of rising in the former case 
will be later than in the latter, by the time correspond- 
ing to twice the diurnal arc K h or K' A', as well as by 

^ Tho (lirGotlon in which we follow tho ooliptio is contrary to 
that of tlio (liuriml motion, beoauso tho suiPa amiual motion in tho 
ooliptio is from west to east, 

Thoy aro also each very nearly equal to E in, 
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minutes* And the full moon is near the ascending* 
node of the ecliptic in autumn, for then the new moon 
in, with the sun, at or near the descending node of the 
ecliptic. Accordingly, in autumn, the difference be- 
tween the hours at which the full moon rises on suc- 
cessive nights is small. It amounts, in fact, on the 
average, in our latitudes to rather more than twenty 
minutes ^or about halt an hour less than the mean 
interval), 

Ihit the inclination of the moon's orbit and the 
moon’s variable motion due to the eccentricity of her 
orbit cause these results to be considerably modified, 
G can at once consider this feature (proposing pre- 
sently to discuss more particularly the moon’s motion 
on her inclined eccentric orbit). Let us sujipose that 
when at E, fig. 22, the moon is crossing the equator 
ascendingly, or towards M', and is also at the rising 
node of lior orbit. Then, instead of following th.e 
course E M', she will travel along such a course as is 
shown by the dotted line E 1, or will be yet nearer 

Imply aiaorpiitly, slnoo bo gets I li, 16 m. as Uio greatest possiblo 
clllVoronco botwcoa tho hours of succcsslvo rising or setting of »ho 
inoon» when the iiioliimtlon of her orbit to the ccliptio is taken Into 
uocount i anti this value baa been carefully roprodneed iu our text* 
books of nstronomy, Ihib it abould bo noticed that Ferguson did 
not oomputo tho values in this table, bub only oslimuted tbo values 
* ns near us could bo done from a common globe, on wliloh tho 
moon's orbit was delineated with a blaok-lead pencil,* and ho was 
not successful oven in his application of thia very rougli method, 
by whloh, or by a slmplo method of projection, it may readily bo 
sliown that tho maximum diaoronco is greater and the minimum 
diirorenao loss than Ferguson supposed. If tho eccentricity of tho 
moon’s orbit and her oonsoqnontly variable motion be taken into 
account, a yet greater diiXercnco results. 
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than M' to the horizon at tlic end of tho tweiU-y'-foiir 
hours; in other words, the interval between auceussivn 
risings at this season will bo yet more shortened than 
we have found it to he on the assumption that tbn 
moon moves on the ecliptic. In like inamier, if wlimi 
nt E, and crossing the equator dosccndingly, tho moon 
is at her descending node (which will obviously oorre^- 
spond to the period when she crosses tho equator aseond- 
ingly while near her ascending node), then, instead of 
following the course E M, she will follow the conrsn 
E 4, or will be yet farther than M from tho horizon ni 
the end of the twenty-four hours; in other words, ilm 
interval between successive risings will bo yot furilirr 
lengthened than we have found it to bo on the assunqH 
tion that the moon moved in tho ecliptic. On the 
contrary, if the moon, when crossing tho ecliptic an- 
cendingly, is at her descending node (so following tbn 
course E 2), while when crossing tho ecliptic deseend- 
ingly she is at her ascending node (so following tho 
course E 3), the intervals between successive risings and 
settings will be less markedly affected than on tho 
assumption that the moon moves in the ecliptic, ThcKo 
are the extreme cases either way, It is readily aeon, 
however, that the* position of the moon as to tho porigtN) 
and apogee of her orbit must also have an effect, ainco 
her motion from E will be greater or less according JiH 
she is nearer or farther from her perigee, and tlio in- 
terval between successive risings will be diminished or 
increased respectively, 

Taking all these considerations into account, it is 
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found that instead of the moon rising about twenty 
minutes later night after night for several successive 
days at the time of harvest moon, she at times rises 
only nine or ten minutes later on successive nights - 
^vl)ile at other times, at the same season, the difference 
exceeds half an houi% As regards the maximum dif- 
ference between the hours of rising of the full moon in 
spring, it varies from about an hour and ten minutes to 
about an hour and a half* 

It is to bo noticed that in every lunation corre- 
sponding variations occur, because the moon neces- 
sarily passes through Pisces and Aries, and through 
Virgo and Libra in each lunation* But it is only in 
spring that the full moon is in Libra and Virgo, and 
in autumn that the full moon is in Pisces and Aries* 
The autumn phenomena are the more imiiortant, since 
they cause the nights to be almost completely moonlit for 
four or five days in succession. We have, at and near 
the time of full moon in September, tlie moon rising 
not fiir on either side of six in the evenings and 
though the hour of setting varies considerably, yet 
this is obviously a matter of small importance, since 
the moon sets in the morning hours* The operations 
of harvesting can thus be continued far on into the 
night, or all night if need be. This relates, however 
(iit least in England), to the full moon preceding the 
middle of September, for harvesting operations are 
nearly always completed throughout England before 
that time. The full moon following September, which 
partakes to about an equal degree with that i^receding 
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the moon travels were invariable, she would cross the 
ecliptic at the two fixed points which w’ould be her 
nodes. During any single revolution of the moon 
this is not far from the actual ease 5 so that we may 
say, without gross error, that in a sidereal month the 
moon is twice on the eclij)tic, and twice at her greatest 
distimee north and south of the ecliptic, that is, about 
9' (on the average) north and south of that circle. 
Viewing the matter in this way for the moment, let 
118 inquire in what way the moon’s range north and 
south of the equator, and her motions generally, as 
seen from the earth, are affected, according as her 
nodes lie in different parts of the ecliptic, 

Let S E N W (fig. 23) represent the plane of the 
horizon, N being the north point, and S P N the 
visible celestial sphere. Let E jE W MI be the celestial 
equator, the arrow on this circle showing the direction 

Ifxrly (Irnwn, bccaiiso it haa clianced that repeatedly In my writing^ 

I iiavo had to deal with thia feature } and I have found no word ao 
readily iindorstood in this imrtlcular senao as tho word ‘position. 
At I lie same time I must aclmitt first, that fcho word is not wholly 
free from objection; and secondly, that several mathematicians, to 
wiioae opinion I fool bound to attach great weight, arc opposed to 
ils use in this sonsn. Unfortunately they suggest no other term. 
It appears to mo that the ohjcctions to tho uso of tho word * posi- 
tion * in tho fionso In question aro prccisoly parallel to those which 
may bo urged against tho word ' direction ‘ as applied to linos. I 
find, morcuvor, that Ilorsohol, Grant, and other writers, use tho 
word ‘ position ‘ ns I havo rtono, being apparently forced so to nso it 
for want of any botlov word, Accordingly I retain Ibo uso of Iho 
word, and would suggest, as tho best remedy against Its defects, 
that writors should care fully avoid tho uso of tho word to indlcato 
pUfOOi adopting instead tho word sitmiion, 1 give, then, this 
doilniblon rianes aro sakl to havo tho samo ])osiUon when lino;^ 
normal to chom havo tho samo divociioti* 
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of the diurnal motion, and let W e E e' be the ecliptic, 
the arrow showing the direction of the sun’s nnnunl 
motion. The student will understand of course tliuh 
the ecliptic is only placed for convenience of drawing 
in such a position as to cross the equator on the horizon 
at E and W. Twice in each day it occupios that 
position, as it is carried round by the diurnal motion, 
and once in each day it is iu the exact position iii- 


Plpr. 2n. 



dicated in fig. 23 ; that is, with its ascending undo (or 
the first point of Aries) just setting in the rvost. 

Now let us suppose that the rising node of I ho 
moon’s orbit is at W, the place of the vernal ofiuinox. 
Then W M E iM' is the moon’s orbit, a M and o' Al' 
are arcs of about S° 9'} and wo see that the range of 
the moon north and south of the equator exceeds tlio 
range of the ooliptio (that is, of tlio sun) hy these etjmil 
arcs. In other words, the moon wIilmi at RI is alioub 
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28° 36^ north of the equator, instead of being only about 
23° 27' north, as she would be if she moved on the ecliptic, 
while when at M' she is about 28° 30' south of the 
equator: she moves throughout the sidereal month 
as the sun moves throughout the sidei'eal year, passing 
alternately north and south of the equator, but with 
a greater range, due to the greater inclination of her 
orbit. Accordingly, she remains a longer time above 
the horizon when at any given stage of the northern 
half of her orbit, and she remains a shorter time above 
the horizon when at any given stage of the southern 
half of her orbit, than she would be if she moved on'" 
the ecliptic* She also passes higher than the sun 
above the horizon when at her greatest northerly 
range, attaining at this time (in our latitudes^ a height 
of more than 66°, as at M, instead of less than 61° y and 
she is correspondingly nearer the horizon in southing 
vdien at her greatest southerly range from the equator, 
attaining in fact a southerly elevation of less than 
10°, as at m, instead of more than 15°, as is the 
case with the sun. 

Next let us suppose that the descending node ol 
the moon^s orbit is at W (fig. 23), the jAixcq of the 
vernal equinox ; then W m E m' is the moon’s orbit ; 
e m and 6 m' are arcs of about 5° 9' 5 and we see 
that the range of the moon north and south of the 
ecliptic is less than the range of the sun by these 
equal ares. Hence the moon when at m is about 
18° 18' north of the equator instead of 2*3° 27', and 
she is about 18° 18' south of the equator when at m'. 



100 


THU moon’s (’HAN(iI-fl 
Tlius kIk! liHH II Buiulli'r rniif'o 

Boulh of tlin eiiuiilor. Sim never ultiiiiiH u j'lviiler 
(ilevuUoH tiliovo tlm KoiitlKiin Imrizoii (Imii iilntul /Ki', 
hh iitw; but, on llm other liuiul, her I.'umI eteviHmn 
vhmi line Honfh (‘xeee.lH UO", luuil /i(lh.- iniirH Kreuleot 
tiud loiiBt Houlherly el(!ViilioiiH, UK III '• uud e, lieiii^j re- 

simctivoly nboub 01 " iinil alioiit. l.V'). 


at. 



Thirdly, lot Iho rimiifr node nf ( ho inooii’u orbit be 
noivr c, tiho pliieo of (ho Huniiiier Koluliee "■( ) 5 (heu 

0 M o' M' 1 h llm moon'H orbit, vvhieh ev«WH fhee.|Uiaor 
nt two iiointK, M mid M', in udviiiiee of (he e<|uiiioeliid 
pointH W intd I*!.' Wo «eo Ihiit. ilH f'leuleHl iiiiiKe h'"" 

^ Tht’KO ])oliilN niitl luid f/i* iiJuiU 

from th« pointH K mnl W, ilisli rmtnnl I'.v Hot itb»! 

(lioy »vo Hm rtpuitur iilomi ft-’ mu Hi nf Hi** ••♦‘lipUit, 

If gnuit iihioly \vitnn‘ot|nlt’r*l In Hm ulmvo ♦♦xpliuuiHMii, \v»» 
htivo to tiiko into imcnmit Hm fm t Hmi Hm innoiiV •oMl Im** iim?, 
exactly ilHiivtim IiioHihiHoh to Hm ctpmltir wlo n flo* iMr.p rt ot*t »m 
Iho HoJbtUliil coUnoj for Hm miKhi v M M h not, Im tho uopjo 
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the ecliptic is attained nearly at the points e and e\ 
and is therefore appreciably equal to the sun’s range. 
The circumstances of the moon’s motion must therefore 
resemble very closely those of the sun’s, the chief 
difference resulting from the fact that the nodes of 
the moon’s orbit on the equator are some twelve or 
thirteen degrees in advance of the equinoctial points. 

Lastly, similar considerations apply when the de- 
scending node of the moon’s orbit is near e, the 
moon’s path being in this case erne' m', and its nodes 
on the equator some twelve or thirteen degrees behind 
the equinoctial points. 

Now let it bo noticed that the moon’s orbit passes 
through the complete cycle of changes (of which the 
above four cases are the gmr^er-clianges) in about 
18 6 years, the lunar node moving on the whole 
backwards on the ecliptic. Thus, if such a cycle of 
years begin with the moon’s orbit in the position 
W M E M' (fig. 23), then in about a fourth of the cycle 
(that is, in about 4*66 years), the moon’s orbit is in or 
near the position c' m' c m (fig. 24), the node having 
moved backwards from W to near c/, or one quarter of 
a revolution. One fourth of the cycle later — that is, 
about 0*3 years from the beginning of the cycle,— ‘the 
moon’s orbit is in or near the position E m' W m 
(fig. 23), the node having moved still backwards from e' 
to near E, Yet another fourth of the cycle later, or 

e E Ai, il\Q mean inclination in question. But considerations of 
this kind need not detain us in a general explanation such as that 
wo aro now upon, 
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uliout 13*05 yi nrn (Voni SIh mnuiirnmiM nl, ilio iiiMoirn 
(n liit in in or in^jir I On jumOitui r. M i?' M' IM }, tho 
riHin^( imhOs Iniviiu*; ^^hiflrO lnu']i\vnnln iVom !•! in nrar r j 
niid last ly, al llio oimI of (lin nmiplnln rvi-h* nT IS'li 
tlin inomda orhil. ia in i*r \u iu it ^ oti;'iu.d 

It IK obviouK llia(. aiuor, on Iho tlm lunar 

no(It?B lliUH ro/^p'ialn, or, aa il wnr, rurot tlu' ndvunrini; 
inoon^ ahn iiiiiHt, ovokk lior iuhIimi at intrivala jiHriH uluit 
aliorttn' (lian ii Kidrnail iiMOitlu In ta< t, ' nppM iu>|; 
hor (:o H(nv(. rvoin lirr rinin/^ malo at (tin bnipnuinf; 
of II Hitl(‘n*al month of 27*:i3:i liava, lin n wi, ili?* rml 
hIio Ima ndnniod to tlio )iarl. of tlit« i rliptir { lu^ laal 
iicauphal ill; tho hi*jjinnin/;, wliilr llm undo Un i iripulul 
on Uio avoni|p‘ by Ibiif anioinil. wbit b ia ihu’ tn n 
|)(5rioil of (liiyH. '(‘hia mnouni iu nuuly nilrn - 

lai(*{], aintm ibo nialo n'|;r<aluH (liron^rb tint romplt io 
circuit of Ibo orli|Hin in (I7II3’301 ilayn; it ia uilln r 
IrsH lhau 1‘^ iSo (bal, oHlinmlinp lo r iiioliMii wiib 
rofun’Uoo to Intr rirtiii^^ inabt, ibi* iia«»n rompli toa n rir* 
cnil, and noiirly a tlr^jntn am) a Inilf oin\ in 
dayrtj lionao nbo (?nin|>loh'H a nodal nivauif in a pt timl 
IttHH tbun iJ7dl2:i in ibo prnptaf ion voi vin iulyof ddt) to 
TIuh poriotl, (talbal (bo /na/rm/ nionlln amonniu 
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clay, mala raamdim at u nn-aii r*il»» of d'riui * i j., y ,r,y 
ThuH Llnulhamladvjiinaitd thu nnhni widi i ht il,.. i<. -a. 
tin! Ham o£ UaiHa twn iiminlillrH, and wi* huvn i>iijy 1 m h.^ov 

ofltm ihlHHinn Ih aonlahnid la ami diitirra n, iind tin; i manU r 
of dayn In a moan imdloul immlli, Thin mimnrr in Um 

i-OflliuoUHl (,E Tlihi tintllMHl j.i ih.) 
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to 27*212 clays. It follows that the moan interval be- 
tween successive passages of the lunar nodes is about 
days. Accordingly, the moon must always be 
twice at a node in every lunar month of 29^ days, and 
may bo three times at a node j since, if she is at a 
node within the first 2*3 clays from new moon, she is 
again at a node within 15*9 days from new moon, and 
yet aguin within 29*5 days, — that is, before the next 
new moon. 

The elTects of the eccentricity of the lunar orbit are 
too obvious to need any special discussion. The moon 
moves more quickly (in miles per hour) when in 
perigee than when in apogee, in the proportion of 
about 19 to 17 on the average j but as she is nearer 
in the same degree when in perigee, her apparent 
rate of motion along her orbit is yet further increased, 
and in the same degree, so that her motion in her 
orbit is greater when she is in perigee than when she 
is in apogee, in about the proportion of the square of 
19 to the square of 17, or about as 5 to 4, (We note, 
in passing, that 19 to 17 is about the ratio in which 
the moon’s apparent linear dimensions are greater when 
she is in perigee than wlien she is in apogee, while 5 to 
4 is the apparent ratio in which her disc when she is in 

inotliotl to pursue in all suoli on«os, Tho rule may bo thus ox- 
prcHsml J40li P P' bo ilio periods in whlcli two objoota— which 
mny bo platmts, nodes, porigoc-points, or others— mako a olrouib 
or tlio saino colostial circlo, F being greater timn Pj then tho 

Interval betwoon sucoesslvo conjunctions is tho reciprocal of qp 
IP tho objocta move in tho same direction, ami tho vooiprocal of 
^ + -p if they move in diftcrent directions. 
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perigee exceeds her disc wlien she is in iipoge<^) As 
the eccentricity of her orbit is vurijihle, ilH ini'iiii vivliu^ 
being about 0’0/>5, while its greatest and least viilnen 
are about 0*00(5 and 0*044, there is a dilVennit rniigo in 
her rates of real and ajuiarent motion, ae<*ordiiig l(i 
the amount of eccentricity wlum slu^ is in perigiM^ or 
apogee I’ospeetively# Tlie actual maximum rate of tla^ 
moon’s motion is attained when slie is in ptn igia? and 
her eccentricity has its maximum value 0'0(i(i, while 
the actual minimum is attaiiKjd when she is in ap(tgee 
at such a time. The ratio between lier real meliotis, 
under these (jircurnstances, is that of 1,0(50 to l)J54, or 
about 8 to 7 ; the ratio betwe(m her appurmit motanis 
ill her orbit being rather grea(:(?r (ban 115 to 10. 

These variations are suilicjendy gr<‘nt lo modify in a 
remarkable degree the movements of tln^ moon when 
considered with reference to tlie change from day lo 
day ill her apparent place in the lieuvens, and tlimi*'- 
fore in her apparent course from horivien to horizon. 
We saw that this must ho so when we iiifpiinal into 
the phenomenon called the harvest moon. It is muni- 
fest also that all tlie circumshuioes of ecli[)H(^s, solar as 
well as lunar, must bo importantly modiliial by the 
remarkable variations which take place in IIhj inomds 
distancG from the earth, and in h(?r real and a[»piirent 
motion H. The ecc(‘ntricity of the ninenV mbit also 
jwoduces very interestivig eibnits in relation to licr 
llbrations. If the perigee ami npogcai always ludd a 
fixed position with resp(ict to the nodes of the lunar 
orbit, the iieculiarities thus arising would be less re- 



OF ASPECT, HOTATION, LIBRA TIOI^, ETC. Ill 

nuirkablej but the continual shifting of the relative 
positions of the nodes and apses (as the perigee and 
apogee are called ) causes a continual variation, as we 
simll see hereafter, in the circiimstances of the lunar 
librations. 

Speaking generally, it may be said that the lunar 
perigee advances at such a mean rate as to make a 
complete circuit in about 3282*575 days. Accordingly, 
applying considerations resembling those applied to 
her motion with respect to her nodes, we see that the 
period of her motion from perigee to perigee must 
exceed a sidereal month. Its actual length is found 
to be about 27'55o days. This is the mean anoma- 
listic month; * it exceeds the mean nodical month by 
ratlier more than the third part of a day ; or more 
exactly by 0*342 of a day. 

The actual motion of the perigee and apogee with 
respect to the nodes is very variable. The apses are 
sometimes advancing rapidly, while at others they are 
almost as rapidly receding, — and they advance on the 
whole or recede on the whole for several successive 
months ; and the node itself, though on the whole 
receding in every lunation, yet sometimes advances 
slowly for several successive days. Thus the perigee 
and rising node are sometimes moving the same way, 
at others in opposite w^ays ; they may be both advancing 
or both receding, or the perigee may be advancing and 

’ Tho actiml interval between the moon’s passages of her perigee 
varies during tiio course of a year from about 26 days to about 
28 J days, 
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tho apogee rocndiiig^ or Uio porigiu? r<MM‘cling uml Ihn 
apogee advancing* However, ko far as I lio mean ad- 
vunco of the perigee from (lie ikmIo is (^orn’ennsl, ilu' 
ease is sufricienlly siniphi j for tln^ advanef^a 

as to coinpiotn ti revolulion on (ho (iv<?nige in 
days, or 8*8,505 ytuirs, whih? itu; node roiaaleH ao ini In 
complete a revolulion on Hh? av(*ra;fe in IM'5!dlV 
years. Thus the mean iiniiuid ndvanee of ihe^ pr'iigo o 
is fiTgjos of a revolulion, wliih^ tln^ inran annual rogn a- 
Biou of the node is revolutijni, Adiling (lie.jfi 

together, we find tlio mean inolion of tlm iHuigoc? wilh 
respect to the nodti equal to of a rovuIuli<in.* In 
other words, tlio numn inl(‘rval Ind-wtam HU<*ei*H^iive eon- 
junctions of the perigee and rising undo in vi'ry ni’jn ly 
six years, falling short of six y(*ara in find- l>y Iml. nliout 
three tlionsamUhs of a year, or aljnt>s(. exactly 1 
days,^ The moan interval ladAvcam auei?esHive eonjuiH'- 
tions of tho apses ami no(l(^s (wilhonl n'gaid (o (he dis- 
tinction butween apog(a) aii^l pfwigne*, vising node' and 
descending node) is three yiiirs, wanting only about 
half a day,— or, more exactly, wanliiig Ul li. 18*5 on 
Wg ttvo now in a position to disenss tlm eOeels iif 
the mooira rotation, 

If the moon as sho wont round Urn earih lurnetl 
eeveral times round upon an axis nearly square in (lie 

' The ngreomont of tho llgurefl hi tlin<loimmliiiUur oftlijri frot’ll-a 
^Ylth the last four in tho fnioilun roiin^soiUluK tlin ritra lua of iIhji 
norto is of courso a jmn-ely ncoldonlnl wdriohloiitro, 

* Tho mean inter vnl botwooa flu(3C0HHlV(j ooajniiotiutm ig 
pcrlgconiKl tho riHlngnodo is nmm dayH, im\ lu mIx ymoi thrro 
mo 2L01'd52 clays ; so that tho laoau cUfreronoo la MOU il»ys. 
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lovtjl of her path, she would present every part of her 
BUrfaoe several times successively towards the earth, 
precisely as the earth turns every part of her surface 
towards the sun in the course of a year. On the other 
hand, if the moon did not turn x*ound at all as she 
went round the earth, we should see in turn every part 
of her surface, since at opposite sides of the earth she 


26 . 



would necessarily present two opposite faces towards 
the earth. Since ns a matter of fact it may be said 
(as a first rough account of the moon’s appearance) 
that she turns always the same face towards the earth, 
it follows that sho must turn once on an axis nearly 
8(|uaro to the level of her path as she performs one 
complete cirouit, 

This is shown again in fig. 26, where we see that if 
the middle point of the disc of the moving globe is the 

X 
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same real point on this globe, as it travels through the 
positions Mp Mg, M3, « to this globe nu is t 

have turned in the manner shown at M, Hg* 
radiiin which to the points 1, 2, 3, 4, &e., are nmpiadively 
parallel to the radii to MyjM^, &e., all of whi<4i 

are directed upon tlui central orb 10, 

But it may occur to some readers that in the nainre- 
of things if a body wore set without rotutitm Imvelling 
round a central globe, it would us it wmit round turn 
itself alsOf as if upon an axis, and so keep always tlu^ 
same face directed towards the central glohe. For (?X“ 
ample, if a rod extending from 1C, and rigidly att aelmd 
to Mp carried that globe ruuinl JC in t!u^ manner 
indicated, then tlio face A would remain conHlantly 
turned towards 15: may it not ho, it miglit ho askisl, 
that as the globe moved under gravity round JC t ln^ 
same thing would happen ? 

Now it is mathcmatieally domonstriiVilo that \]us 
attraction of E can have no elleet whatovm' in eanning 
the direction of the lino A M to ckaufjo us the limiy 
(supposed to be spherical) ^ circles around JC« But ihfi 
considerations on which such a doinonsl ration would 
be based are by no means so olivious as is eoinmonly 
supposed. We shall not, tlioreforo, ju'esout tliom liert*, 
but proceed at once to mention two exporiimml al inMcifi 
of the fact in question. The first experiment is vmy 
simple. Let a tolerably heavy ball be suspended by a 

^ If tho body bo not sphovlont foi'coa loiiiUa^ Ui 
rotation como into play ; but IC Iho body Imn ovou only a itm;d)ly 
globular form, auob fomos arc nltogolhor loo hukiII to piodueo nny 
appreciable amount of xotutloji during u sliiglo rovulutiuu. 
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long fine cord. Let it be left hanging until nil signs 
of twisting have passed away ; then, having placed a 
inaik upon the ball about midway between the top and 
bottom, cause it to swing in a circle, communicating 
this motion by menus of the string held at a point high 
above the ball, so that no rotational movement can be 
impiuted. It will be found that the mark continueB 
always to he d reeled towards the same point of the 
compass, not turning so as always to bear in the same 
diieclion with respect to the centre of motion. The 
second was suggested by Gralileo, who pointed out that 
if a body be set to float in a basin of water, and this 
basin be held out at arm’sj,ength while the holder turns 
round, it will be found that the floating body does nob 
partake in the turning motion ; so that the side turned 
towards the holder of the basin at the beginning is 
turned directly away from him when he has made half 
a turn, It is, however, by no means easy to carry out 
this experiment in a satisfactory manner, the most 
strildng phenomenon under ordinary conditions being 
tluj spilling of three-fourths of the water, or there- 
abouts. 

Fig. ao. 



lint a very effective experiment for those who feel 
doubts respecting the moon’s rotation may be con- 
ducted ns follows: — Let A B (fig. 26 ) be a flat wooden 
bar of any convenient dimensions (according to the 

I 2 
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circumstances under which the experiment is to U 
conducted). Let fig. 27 present a side view of the 
same bar, which, it will be observed, is arranged to run 
on casters at A and B, and to turn on a pivot at 
At A let a small circle and arrow be marked on the bar 5 
at C and B let small basins of water be placed, in which 
lot small wooden rods float,— or preferably, let tlie rods 
float in half-filled saucers, thcmaolvos floating in the 
basins. If now the experimenter wait until tho water 
is still, tho floating rods being central and pnralhd to 
the arrow at A, and if ho then gently turn tho wooden 

Eig. 2r. 
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bar round on its pivot at C, tho castors rolling ou a 
smooth table or floor,, ho will see that tho rods floating 
at B and 0 both retain a direction almost wholly un- 
changed throughout tho motion 5 and thus while con- 
tinuing parollol to each other and also to any lino on 
the table or floor to which they wore parallel in tho 
first instance, they no longer continue parallel to tin* 
aiTOW at A, whose direction changes throughout tho 
motion. The slight change of position' they undergo 
is obviously referable to friction between tho water and 
the basins and saucera. Of course tho basin 0 i« not 
essential in this experiment, nor tho fixed arrow at A. 
If the basin B were simply carried round the end Ana 
a centre, a similar result would follow. But it is in- 
teresting to show that so far as tho rotation of tho wtiler 
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within the basin is concerned, the condition of the basin 
ll is exactly the same as that of a basin at C turning 
Biniply on a pivot immediately beneath it. 

Another experiment may be tried with the same 
appariitus. The water in C and B may, without much 
trouble, be set rotating at the same rate. If this be 
done, and then the rod be carried round at the same 
rate, so that the floating rod in G retains an iin- 
elmng(*d position with respect to the bar A B or to 
the arrow at A, it will be found that the water in B 
l)(iliavo8 precisely as the moon’s globe behaves (so far 
at least as the general relation we are dealing with is 
concerned), turning always the same portion tovards 
tlie centre 0* Thus we learn that it is only by an 
additional rotational movement that such a relation 
can be preserved^ 

The moon, then, turns once upon her axis as she 
cojnpletes the cii'cuit of her orbit. Yet it is not 
Htrictly the case that the moon turns always the same 
face towards the earth. We see somewhat more than 
<)iH‘,-lialf of the moon’s surface. Let us inquire how 
this is brought about. 

In the first place, the moon’s axis is not at right 
anglijs to tlie plane of the path in which she travels 
roiuul the earth. (Let it bo noticed, in passing, that 
it, is the inclination of the moon’s axis to this plane, 
and not to the plane of the ecliptic, which affects her 
appearance as soon from the earth. This will appear 
obvious as wo proceed.) 

The moon’s equator-plane is inclined I*’ 30' 11" to 
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the plane of the ecliptic, and i« alwnyH plnrcd Hnd. 
when tho moon u ai the asccndiny or di^rtcendinf; 
node of her orbit tho c(|ualor-])lano in turned edgi - 
wise towards tho cartli, and is iiu?line{I ileHCJoidinf^lj 
or ascendingly (roHpcctively) to (lie (*eliplie. »^inci^ tin? 
average inclination of tho inoon’a orbit to dm eelijilic is 
nearly T)'" 1)', it followH that tlui uiighj at wliieli the 
inoon^B cqnator-i)lane is thnsineliiuMl has a mean valine 
v\[^, 28. 



of about G° 39 ' 5 but this angle varlofl m tho hnilhirdion 
of the rnoon^a orbit varieH,and is Hoinotitnes an grrad. art 
iV 44V Bometiinos as small as (i*' 34'* 

Now the effect of this hiclinutiou of t-ho nifion’Haxia 
to tho piano of her orbit about the earlh <^<pn’<^Hponds 

» 1 iiml commonly 0^ »17' not hh Uio vnlaa of nnah*. Thli 
RccmH to bo obUiinoU by mldlng tbo moon^H niiixinmm <abil inrlhiu* 
tiou 6^ 17Ho tlio iiiuHiiatlon oC lior iixU to Urn coUetio. Uat Uni 
moon ia always near a no<lo wlion bor mbit allalim ila maxituom 
inclination^ wboroiiH tbo maximum oiioniufj^ duo to bur limUnnf iua Id 
,uUalncd when bUo h furlboHt from bor iioduH. 
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procisely tb llio seasond variations of the earth’s pre^ 
ficailatiou towards the aim. The point 0, the mean 
centre of the lunar disc M fig. 28, passes alternately 
north and south of the moon’s equator, or^ which is the 
t'iune thing, the middle point of the visible, half of the 
equal or passes alternately south and north of the centre 
of the disc* Tlio range of this oscillation for the mean 
centre of the disc is shown by the vertical line D 0 D', 
I) V/ and IJ D' E' representing the moon’s equator 
Fig. 29. 



us most bowed upwards and downwards through the 
olVoet of inclination. The other vertical dotted lines, 
as at SjT, 11, &Ci, represent the coiTesj)onding oscilla- 
tions duo to the moon’s inclination for other parts of 
tlio lunar disc. The dots vex)resent the position of the 
ccuitroat twelve equal intervals of time throughout a 
nodical mouth or at intervals of about 2^ days i it is 
euHily seen from very simple geometrical considerations 
t hat all tliCHG vortical short lines are divided in the 
Hutno manner as the lines A A' and DO D' of fig. 29j 
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where the points of division on A A' are obtained hy 
drawing perpendiculars to A A' from points dividing 
the semicircular arc A 3 A' into six equal parts. 

But next let us take into consideration tho eitectot 
the want of perfect accordance between tho moons 
motions of revolution and rotation. She rotates uni- 
formly on her axis, or very nearly so, while she moves 
with varying velocity round tho earth. But fig. 2.> 
shows that, for the same face always to bo seen, there 
should be perfect agreement between tho motions of 
rotation and revolution. When the eccentricity of the 
moon’s orbit has its mean value, tho moon falls alter- 
nately about 6* 17' 19"-04 in advance of and behind 
her mean place (which she has when in perigoo and 
apogee). But when the eccentricity has its maximiitn 
value, the angle PEM, or P'EM< amounts to 7“ 20', 
and owing to lunar perturbations it may bo increased 
to so much as 7“ 46'.' 

The effect of the want of accordance between Urn 
moon’s rotation and revolution is to sway tho lunar 
meridian across the mean central point of the disc, 
through precisely the angular amount by which the 
moon is in advance of or behind her mean place. Thu 
short horizontal cross-lines of fig. 28 indicate the range 
of the oscillations of various pioints of the lunar disc, on 
account of the cause we are considering. Tlio liiw of 

> This is tho result of my om\ calculations. I find 7° fiT uih! 
7° 56' set by different authorities ns tho greatest value of tho angl*^ 
in question. It appears to mo that tho cirouwstanco hna been ovi'i* 
looked that tho moon^s orbit never has Its maximum ccceiUiiclly 
when the moon is at her mean distance. 
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the oscillating motion, determining the division of 
these horizontal lines ns in the figure, is the same as 
that for the vertical lines. So that dO d' in fig. 29, 
which represents of fig. 28 on an enlarged scale, 

is divided at L,K,0,M, and N, similarly to DOT)' 
in the points I, k, 0, m, and n. P d P' and P d' P', in 
fig. 28, represent the extreme position of the mean 
central meridian east and west of the moan centre. 

It is readily seen that as the two oscillations along 
the vertical and horizontal short lines of the lunar diso 
(fig. 28) take place together, the mean centre and every 


Fig. 30 . 81 . 82 . 



other point on the disc will usually describe an oval 
curve resulting from the composition of tlio two motions. 
If the displacement of the mean centre vanishes for 
both oscillations simultaneously, the combined oscilla- 
tions of the mean centre will be along one or other of 
the lines A 0 tt' and A' 0 Cl (fig. 29). If one displace- 
ment attains its maximum valucwhen the othervanishes, 
and vice vevvd, the oscillations will bo in the ellipso 
I) d' D' d. In intermediate eircurhstanoes one or other 
of such intermediate ellipses as are shown in fig. 29 
will bo followed by the mean centre. Figs. 30, 31, and 
32 show the corresponding curves for points of the 
moon’s disc near B, S, and T of fig, 28. As the mean 
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nodical monfh is slightly shorter than tho mean 
anomalistic month, it follows that the libralion curves 
traced by the mean centre and other points of tho 
moon’s disc change constantly in form, passing from 
a straight line as A 0 G' when the rising node ami 
perigee coincide, to the curve 1/ li'/F, thence to tlu! 
curve o' C e E, and to the curve cl' T)' cl D, at which 
time the rising node is 90" behind tlie perigee. Still 
changing in the same direction (on the whole) tin) 
curve changes to e' E' e C, to f F' b B, and to G' 0 A, 
when tho rising node coincides with the apogee j thenco 
to F'/' B b, to E' e' 0 c, and to D' d' D d, when tho 
rising node is 90" in advance of tlie perigee; and so to 
C' o' Ee, to B' fc'F/, and to G 0 A', when rising rioclo 
and perigee coincide again as at first. Tho last six 
carves are the same as tho first, but traced out .tho 
reverse way, and entered on in reverse order. Tiie tottil 
time occupied by all these changes, the interval between 
successive coincidences of rising node and perigee, is 
almost exactly six yeara. As the rising node is not nlwnys 
retrograding nor the perigee always advancing, though 
they move in these directions rof'pectively on the whole, 
the actual changes are exceedingly complicated. In 
fact, it may be truly said that tho librating motion of 
the moon’s centre (or of any other point on the moon’K 
disc) involves implicitly tho whole theory of the moon ’a 
motions. 

Such are tho chief features of the lunar librationa 
in latitude and longitude. It remains that we should 
consider what is the actual extent of the moon’s surfuco 



OF ASl'F.OT, ROTATION, LIRRATION, ETC. 12S 

wlucli those libmtions hrhig into view in addition to 
that wliich is seen when the mean centre is at the actual 
cciiti'o of the lunur disc. In making the inquiry we 
must take into account another libration, called the 
iliuTiuil libration, which depends on the circumstance 
that, owing to the earth’s rotation, the place of the 
oljsorvcr is shifted with respect to the line joining the 
cmitros of the earth and moon. This form of libra- 
tiou might very well be made the subject of a separate 
investigation, which would, however, be more tedious 
than profitable, because the extent and nature of the 
diurnal libration vary in different latitudes and at 
different seasons. On this point I shall content myself 
with remarking that if wo imagine an observer placed 
at the centre of the moon’s visible disc, a line drawn 
from him to any station on the earth would be carried 
by tlio earth’s rotation along a latitude parallel, and the 
angle which it made at any moment with a line joining 
Iho centres of tho earth and moon would correspond to 
llio diurnal displacement of the moon’s centre, as seen 
from tho station at that moment. This consideration, 
combined with what will hereafter bo staled respecting 
the aspect of tho eartii as scon from lire moon, will 
Huffico to show tho exact nature of the diurnal libra- 
lion at any given station, and at any season. Here, 
liowover, all that is noeessary to bo noticed is that, 
since tho oiutlt’s radius, as supposed to bo seen from 
the moon, subtends nearly a degree when the moon is 
ut her nujan distance, and more than a degree when 
the moon is in perigee, wo may obviously add an are 
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of about a degree on the moon’s surface to any Ubra- 
tory displacement in any direction whatever, estimated 
for the centre of the earth, if ^ve wish to determine 
the maximum displacement in that direction for ciTiJf 
part of the earth. For, if we suppose an observer on 
the moon to shift his place, in any direction, by one 
lunar degree (corresponding to a distance of neaily 
twenty miles), he would see the earth’s cenlro shifted 
one degree on the heavens 5 and therefore the point on 
the heavens formerly occupied by the earths centiO 
would now be occupied by a point on or very close 
to the circumference of the earth’s disc. Therefore, 
when we have determined the fringe of extra surface 
brought into view by the moon’s maximum librations, 
we can widen this fringe all round by a breadth of 
about one degree* We must not indeed widen it 
everywhere by a breadth of V V 24", the maximum 
apparent semidiametcr of the earth as seen from the 
moon, simply because this apparent somidiametei is 
only presented when the moon is in perigee, while tho 
moon attains her greatest total Ubration,as well as her 
greatest Ubration in longitude, only when she is at her 
mean distance. We may, however, employ even this 
maximum value of the horizontal iiavallax when tho 
moon has her maximum libration in latitude, since 
there is nothing to prevent her from attaining this 
libration when she is at her nearest to the earth* iheso 
considerations, however, are unimportant, compared 
^Yith those depending on the moon's librations in longi- 
tude and latitude, simply because the diurnal libration 
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—or, U 8 it may more fitly be termed, the imrallaotio 
libnition— altaina its rnnKimum only when the moon ia 
on the horizon, and therefore very ill-placed for tele- 
acopno observation. 

In considering the actual extent of the moon’s sur-. 
faeo which her lihrations ciirry into and out of view 
ult(nTmtcly, wo need not trouble ourselvea about the 
varying nature of the combined libration. It might 
H<!oni, at first sight, as though certain parts of the moon 
would only bo brought into view wlion the libration in 
latitude attains its maximum value,— that is, when the 
lilnation in longitude vanishes } and moe versd. But 
as a matter of fact, if wo consider the four cases where 
I ho total libration has its absolute maximum value— 
viz. when the mean centre is at the four points A, G, 
A', and G' (fig. 29)— we take into account every portion 
of the moon’s surface which libration can possibly bring 
into view. 

So that all wo have to ascertain is the area of the 
spaco on the sphoro corresponding to the four luncs 
brought into vi<nv at those extreme librations. This is 
easily effected,' and wo loam that the area thus brought 


> Wo tiinw dm mnxliinnn breadth oC the four luncs. It Is 
cnHlly shown that tlio total nroa brought Into view by libration 
huura to Ibo whole splioto the ratio 

2 (7® ir/ 0® H') : 880° 
p. 14“ 29' : IHO 

p. 800 ! 10800. 


-rhuH the total area hveught Into view by libration boars to a homt. 
sphoro tho ratio oC about 100 to 021. (A, -ago maitos ^ }9 tafo 1 to 7, 
thou Kb using 10° 21' m tho nbsolnto mnxtmuin ot libration. It is not 
easy m umlerslana bow an error oropt Into his troatmont o£ a problem 
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into viev? hy libration is between one-twelftli and one- 
thirteenth of the whole area of the moon, or nearly 
one-sixth part of the, hemisphere turned away from the 
earth when the moon is at her state of mean libration. 
Of course a precisely equal portion of the hemisphere 
turned towards us during mean libration is carried out 
of view by the lunar librations. 

If we add to each of these areas a fringe about V 
wide, due to the diurnal libration— a fringe wdiich we 
may call the parallactic fringe, since it is brought into 
view through the same cause which produces the lunar 
parallax, — we shall find that the total brought into 
view is almost exactly one-eleventh part of the whole 
surface of the moon, A similar area is carried out of 
view : so tlmt the whole region thus swayed out of and 
into view amounts to of the moon’s surface. 

80 simple.) Tho pvoporWon oC the part this homlsphcro never seen 
to the whole hemisphero is therefore about 521 to G2L j or if wa 
reproaent the whole sphere by 1, Iho area of the part absolutely in- 
visible will be represented by 0*4198, (IClc(n» in his Somiejisysiotit 
gives 0*4243^ which is nearer to the truth than tho valuo resulting 
from Aragons estimate, namely, 0‘4280, yet still considerably in error, 
particularly as Klein also names tho valuo 10^ 24' for tho inaximnnn 
libration.) 

If, however, wo take into account the efTccts of thodlnrnal lihra- 
tlon, it can readily be shown that tho portion of tho moon which la 
never seen under any circumstances bears to tho area of tho wholo 
moon almost exactly tho proportion which 148 bears to 3G0, or ST to 
90. — that is, it is equal to 0'4U1 of tho wholo area. Th,e part which 
cmi be carried out of view or into view by tho libration, inoluding tho 

8 1 
imrallactio libration, amounts to ^ths of the wholo surface, or p 

( =: O' 17) if the whole area is represented by unity. 

The above numerical results have been carefully tested, and can 
be relied on as strictly accurato. It is easy for tho render lo re- 
osaminc them, however. 


OF ASPECT, ROTATION, LIBEATION, ETC, 127 


III fig. 33 a side view of the moon is given. The 
figure is self-explanatory 5 but it is to be observed that 
in M. m and m' M' m' are arcs of 20’ 32', correspond- 
ing to the absolute maximum Ubintory swayings, A 0 G' 


Fig. 33. 



and A' 0 G of fig. 28 ; p P p is an arc of 13’ 28', cor- 
responding to the maximum libratory swaying in lati- 
tude (1) 0 D' of fig. 28) 5 and c E c is an arc of 16° 30'^ 
corresponding to the mn.ximura swaying in longitude 
((i 0 <i' of fig. 28). 

It must always be remembered, however, that 


12S 


THE moon’s changes 


altliougli such regions as p E p' (fig. 33) are brought 
into view by libration, they are always seen very much 
foreshortened, not as presented in fig. 33. 

This chapter would bo incomplete without some 
reference to what has been called the physical libratioii 
of the moon. 

AYe have assumed throughout the i^receding pages 
that the moon rotates with perfect uniformity on her 
tixia while revolving around the earth. This, how'evor, 
is not strictly the case. In the first place it is mani- 
fest that since the moon’s mean sidereal revolution 
is undergoing at present a process of diminution, 
owing to what is termed her secular acceleration, her 
rotation must either undergo a corresponding acce- 
leration, or she would in the course of time so turn 
round with respect to the earth that the regions now 
unseen would he revealed to terrestrial observers. She 
would, in fact, thus have turned round by the time 
when, owing to her acceleration, she had gained half a 
revolution. It has been shown, however, by Laplace, 
that the attractions to which she is subject RuflSce to 
prevent such a change, and that her rate of rotation 
changes paH paaau with her rate of revolution. It 
must, therefore, he to this slight extent variable. A 
similar remark applies to all secular perturbations 
affecting the moon’s motions. So that it is impossible 
that the further side of the moon should ever be turned 
towards the earth unless under the action of some 
extraneous influence, as the shock of a mass comparable 
with her own, 
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Bub a real libration much more considerable in 
amount, and possibly recognisable by observation, must 
affect the moon’s rotation. Newton was the first to 
point out, that if the moon was originally in a fluid 
state, the earth’s attraction would draw her into the 
form of a spheroid, the longer axis of which, when pxo- 
cluccd, would pass through the earth’s centre* ^ Coin- 
paring this phenomenon,’ says Professor Grant, ^ with 
the tidal spheroid occasioned by the action of the moon 
upon the earth, he found that the diameter of the lunar 
spheroid which is directed towards the earth Vr ould 
exceed the diameter at right angles to it by 186 feet. 
He discovered in this elongation of the moon the cause 
why she always turns the same side towards the earth, 
fur he remarked that in any other position the action of 
the earth would not maintain her in equilibrium, but 
would constantly draw her back, until the elongated 
axis coincided in direction with the lino joining the 
earth and moon. Now in consequence of the inequali- 
ties of the moon in longitude, the elongated axis \vould 
not always bo directed exactly to the earth, Newton 
therefore concluded that a real libration of the moon 
would ensue in consequence of which the elongated 
axis would oscillate perpetually on each side of its 
mean xdace,’ 

Lagrange, in dealing with this relation, noticed fur- 
ther what had apparently escaped Newton’s attention 
that, owing to the moon’s rotation on her polar axis, lier 
globe must be, to some slight degree, compressed 
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ia the rlirection of this axis. ‘Lagrange,’ says Pro- 
fessor Grant, ‘found that both effects were of the 
same order, and that the moon would, in reality, ac- 
quire the form of an ellipsoid, the greatest axis being 
directed towards the earth, and the least being pei- 
pendicular to the plane of the equator. The greatest 
and the mean axes will both lie in the last-mentioned 
plane.* 

Proceeding to consider the effect of the earth’s 
attraction upon the routing moon, Lagrange found 
that the mean rotation woiUd be affected by a series of 
changes corresponding to those affecting the moon s 
mean motion round the earth, In effect, all the pjer- 
tarbations affecting the moon’s motion of revolu- 
tion ^Youlcl, as it were, be reflected, or represented in 
miniature, in these variations of her motion of 
rotation. 

While dealing with this matter Lagrange noted u 
circumstance to which Newton had not referred, though > 
as Professor Grant wetl remarks, it is a natural corolUiry 
to Newton’s reasoning. He showed that it was not 
necessary to suppose that the motions of revolution find, 
rotation were equal in the beginning. If the mooii’a 
true rotation once took place in a period not absolutely 
coincident with that of her revolution, the attraction 
of the earth would have 8u68ced to force the rotation- 
period into mean coincidence with the period of revo- 
lution, The rotation would in that case, however, no 
longer be strictly uniform, apart from the real libration 
we have hitherto considered. The moon would librato 
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ou either side of her mean position, indei^endently of 
her variable motion in her orbit. This libration would 
depend, like the other, on the circumstance that the 
orb of the moon must be somewhat elongated in the 
direction of the line joining the centres of the earth 
and moon. 

Now the form of real libration last mentioned has 
not been observationally recognised ; but the real libra- 
tion, theoretically predicted by Newton, and confirmed 
by the analytical researches of Lagrange, has been 
d(itected by ol)servers. 1 have said that in this libra- 
tion every feature of the moon^s motions is reflected. 
Now it might seem, at first sight, that this libration 
would bo most noticeable as depending on the moon^s 
varying motion in a single revolution, since she may be 
BO much as 1 "" 45' before or behind her mean place. 
Ikit, as a matter of fact, the extent of the real libration 
dopenda much more on the length of time during which 
tlio earth^s action is exerted, than on the actual dis- 
placement of the moon^B longer axis from its mean posi- 
tion. Accordingly, the lunar irregularity called the 
annual equation, although, as we have seen, it only 
uilbcts the earth's place by a small amount at the 
maximum, yet, as its period is a long one, enables 
the earth to affect the mean rotation-rate more effec- 
tually than do any of the other lunar perturbations, 
‘ llouvard and Nicollet undertook/ says Professor Grant, 
< a series of careful observations of the moon’s librations 
in longitude, at the Royal Observatory of Paris. The 



132 


lUE moon’s changes 


Connaipsaiice d6s Temps” for 1822 contains a boauti" 
ful paper by Nicollet, in wliich he submitted these obser- 
vations, amounting in number to 174, to a Bcaicliing 
discussion. The only sensible inequality was that cor- 
responding to the ct/tvfiAioil) 6^u(iii(yn> It appealed by 
observation to have a maximum value ccpial to 4' 45". 
The results at which ho arrives relative to the ratios 
of the axes do not accord with the generally admitted 
opinion respecting the primitive condition of the moon. 
He found, in fact, that the difference between the least 
and greatest axes was greater than it would bo on the 
supposition that the moon was originally a fluid mass.’ 
It would, however, be rash to base any opinion respcict- 
ing the latter hypothesis upon observations so very 
delicate in their nature. 

It is important to notice that the ellipsoidal form 
of the moon is not only demonstrated by the existeiuio 
of a recognisable real libration, but also by the con- 
tinuance of that singular relation between the position 
of the moon’s equator and orbit referred to at p. 118. 
It is manifest that since the position of the plane of 
the orbit is continually shifting, this piano would 
depart from coincidence with the plane of the moon’s 
equator, unless some extraneous force acted to preserve 
the coincidence. If the moon were a perfect sphere, 
the earth would have no grasp upon her, so to speak, 
whereby to maintain the observed relation between tho 
equator-plane and the orbit-plane. But Lagrange has 
shown that the action of the earth on an ellipsoidal 
moon would constantly maintain the coincidence. As 
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the coincidence is ihaintalncd, we must conclude that 
the moon is an elHx)soid, and not a sx)here. 

It need hardly be said that no instrumental means 
at present in our possession could show the elhpticity 
of the lunar disc. The ellipsoidal figure of the moon 
remains none the less, howeverj a demon strated 
fact. 
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CHAPTER IV. 

STUDY OF THE MOON*S SURFACE. 

AiiTiioUGn the study of the moon^s surface can scarcely 
he said to have been fairly commenced before the in- 
vention of the telescope, yet in very early ages men 
began to form opinions respecting the moon based on 
the appearances presented on her disc* Doubtless the 
ancient Chaldooan, Chinese, Indian, Egyptian, and 
Persian astronomers theorised about the moon’s 
I>hy 3 ical constitution 5 bub of their views no record 
has reached us. We know only that they studied the 
moon's movemerts so carefully as to recognise the 
principal features of her orbital motion, but what ideas 
they formed as to the condition of her surface we do 
not know* 

The earliest recorded opinion ns to the moon’s con- 
dition is the theory of Thales (r.O, 640), that a portion 
of the moon’s lustre is inherent. He recognised the 
faint light from the illuminated part of the moon’s 
globe at the time of new moon, or rather at the time 
before and after now moon, when the illuminated 
portion forms a narrow crescent; and it was also 
know-n to him that the moon does nob disappear 
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wholly when totally eclipsed. He therefore inferred 
that she shines in part by native light. It is some- 
what singular that he did not perceive the remarkable 
contrast which exists between the two kinds of light 
Avhieh ho regarded as belonging to the moon. The 
(Usep ruddy colour of the totally eclipsed moon differs 
so completely from the ashy pale light of* the old moon 
in the new moon’s arms,’ that one can hardly understand 
how both could bo rcfeiTed to one and the same cause. 
Nevertheless, there have not been wanting those who, 
in comparatively recent times, have maintained a similar 
theory, 

Anaxagoras (n.o. 600) was the next of the ancient 
philosophers who theorised respecting the moon. We 
learn from Diogenes Laertius that Anaxagoras regarded 
the moon as nn inhabited world, and taught that the 
varieties of tint perceived on her surface are due to 
mountains and valleys. He held— and was ridiculed 
for holding— the opinion that the moon may be as large 
as tluj Peloponnesus. 

Some of the Pytbngorean philosophers, on the con- 
trary, taught that the moon is altogether imlike the 
earth. They regarded her as a smooth, crystalline 
body, having the power of reflecting light like a mirror ; 
and they supposed the spots upon her disc to be the 
reflection of the oceans and continents of our earth. 
Hut others believed the moon to bo an inhabited world 
like the earth, and since daylight on the moon con- 
tinues for about fifteen terrestrial days, they concluded 
somewhat boldly that the creatures inhabiting the moon 
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must be fifteen times as large as con-esponding terrestrial 
beings. Heraclitus supposed the moon to^ be of tlio 
same nature as the sun, but darker, because involved in 
the denser part of the earth-surrounding ether. Oii- 
genes also maintaining the moon to be a self-lurainouH 
body, considered her surface to be uneven, and re- 
garded the dark spots as the shadows of the regions 
lying higher. 

Passing over many less distinguished names, wo 
come to Aristotle, who adopted the theory that the 
light and dark regions in the moon are the rellcotod 
images of the continents and oceans of our own cartli. 
It is worthy of notice that the maintenance of this 
opinion indicates either complete ignorance or a very 
remarkable forgetfulness respecting the laws of re- 
flection on the one hand, and those relative motions 
of the moon and earth on the other hand respecting 
which even the Ptolemaists held accnratc ideas. 
Whether the earth is fixed or in motion, whether 
she rotates or the heavens rotate ai'ound her, it is 
certain that her continents and seas are presented in 
a continually varying manner towards the moon. It 
is obvious, then, that if the moon were a mirror 
reflecting the features of the earth, the moon’s aspect 
must necessarily change from hour to hour, and from 
day to day. Yet nothing is more certain, oven to 
those who only study the moon with the unaided eye, 
than that her aspect, so far as the spots on her disc are 
concerned, remains very nearly constant, Her phases 
cause a greater or loss portion of her spotted disc to 
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bo visiblo to the observer on earth, bnfc the part which 
is seen belongs always to one and the same facQi 

The Stoics maintained for the most iwrt that the 
moon is a mixture of fire, earth, and air, but spherical, 
like the earth and sun. 

Lastly— for it would be idle to devote any con- 
siderable portion of our space to the vague fancies 
which the ancients foianed respecting the moon, we 
find that Plutarch strenuously supported the views 
which Anaxagoras had maintained six hundred years 
earlier. Ho even recognised the indications of moun- 
tains in the jnoon, in the irregularities of the lunar 
terminator, noting that the lunar mountains would 
necessarily throw vast shadows, precisely ns Mount 
Athos, at the time of the summer solstice, cast a 
shadow towards evening which reached across the 
Thracian sea as far as the market-place of Myrina, 
in Lemnos, a distance oi eighty-seven miles. 

But it was only after the invention of the telescope 
that just ideas began to bo formed ns to the condition 
of the moon’s surface. 

In May, 1009, Galileo directed towards the moon 
the first telescope of his own construction. His first 
observations showed him that the moons sinfaco is 
covered with irregularities} but it was not until ho 
applied his largest telescope— magnifying only thirty 
times— that ho recognised the true conformation of 
the lunar surface. Ho found that the huiar moun- 
tains are for the most part circular in shape, ioi ming 
rings around depressed regions, and in some rcKpects 
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resembling the mountain-chains which suvrouncl Bohe- 
mia. He could perceive bright points of light separat cil 
by dark spaces from the terminator of the crescent or 
gibbous moon, and he recognised the fact that thesu 
points are the tops of nioinitains, illuminated by 
sunlight, while the surrounding valleys are in dark- 
ness. He traced at once the analogy between this 
circumstance and terrestrial phenomena. Those wlio 
have watched the rising of the sun from the summit, 
of a lofty mountain know that when the summit of 
the mountain is in the full glory of sunlight, the sides 
of the mountain are still in shadow, and that the 
neighbouring valleys are plunged in a yet deeper 
gloom. Corresponding appearances are seen when 
the sun is setting. Long before the mountain tops 
are darkened, the level country around is shadowed 
over, and the obscurity of night has already settled 
over ravines and passes. The only dilTerenco which 
Galileo perceived in the phenomena of sunrise and 
sunset on the lunar mountains and what is observed 
on our earth, was that no half-lights could bo seen, 
nothing but the full blaze, of sunlight on the mountuiii- 
tops and intense blackness in the valleys. Hero was 
the first indication of a circumstance of which I shall 
presently have to speak at greater length,— the iili- 
senoe of any lunar atmosphere, or at least the oxtroine 
tenuity of whatever air there may bo on the moon, 
For it is readily seen that the faint light which illu- 
minates the valleys of a mountain region, while an 
yet only the mountain tops are in sunlight, conieii 
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from the shy, and the light of the sky is due to the 
existence of an atmosphere, 

Tlio reader will find illustrations of the illumination 
of lunar mountain tops in the accompanying photo- 
graphs of the moon near her first and third quarters. 

Galileo perceived that in the phenomenon here 
described he possessed the means of measuring the 
altitude of the lunar mountains. Without entering 
into details, it may be remarked that iu the ease 
of a mountain standing alone on a wide plain the 
distance of the peak, when just touched by the light, 
from the boundary of light and darkness on the plain, 
depends obviously on the height of the mountain. For, 
ill fact, if a person is on the summit of the mountain 
at the moment he will see the sun on the horizon, 
and the point on lus horizon where he sees the sun 
is in reality a point on the plain where also the 
run is rising at the moment i the distsxnce of this 
point, or of the observer’s horizon, depends on the 
height of the mountain, as is shown in all our text- 
books of astronomy. Hence, if this distance is 
known, the height of the mountain can be deter- 
mined, and what is true of a mountain on our earth 
is true, with certain changes as to details, for a mountain 
on the moon. Now it was in Galileo’s power to esti- 
mate the apparent distance of a lunar mountain peak 
in sunlight from the neighbouring terminator, and 
to (lot ermine thence the real distance in miles. This 
done, ho could estimate the height of the mountain, 
always supposing that the mountain waa isolated and 
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the surrounding region fairly level. Proceeding on 
this assumption, Gralileo was led to the conclusion that 
several of the lunar mountains are nearly five miles in 
height. 

It will he obvious, however, from a study of the 
moon at her quarters, that this method cannot be 
depended upon, alone, to give trustworthy results 5 
and this will be yet more manifest to any who will 
examine the moon, when not full, with a telescope of 
even moderate power. It is seen that as a rule not 
only are. the lunar mountains not isolated, but the 
surrounding regions are so uneven as to be thrown 
into light or shadow, confusedly intermixed, when the 
sun is low down — that is, when they lie near the ter- 
minator. There is no means of judging exactly where 
the mean terminator lies --that is, where the boundary 
between light and darkness would lie if the moon 
were a smooth orb. Accordingly very little reliance 
could be placed on the measurements of Galileo, or 
on any estimate of the height of a lunar mountain 
not based on a long and careful study of the region 
surrounding the mountain. 

It is worthy of notice, in passing, that the recog- 
nition of lunar mountains by Galileo was regarded 
by some of his contemporaries as a grave offence 
against the Aristotelian philosophy. Even those who 
admitted that his telescope showed objects which ap- 
peared like mountains, maintained that in reality the 
surface of the moon is smooth. Over the irregularities 
perceived by Galileo, they argued, there exists a trans- 
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parent or orystalline Bhcll, filling up the cavities and 
having' an outer surface perfectly smooth, as Aristotle 
taught. To this argument Galileo gave an answer 
jireeisely equal in value to the objection. ‘ Let them 
be careful,’ he replied 5 ‘ for if they provoke me too far, 

I will erect ou their crystalline shell invisible crystal- 
line mountains, ten times as high as any I have yet 
described.’ 

Galileo was the first to recognise the great number 
of craters which exist on certain parts of the moon’s 
surface. He compared the craters in the south-westci n 
quadrant of the moon (see the accompanying lunar 
chart) to the ‘ eyes ’ in a peacock’s tail. 

Galileo’s chart of the moon, though creditable to 
him considering his imperfect telescopic means, has 
very little value except as a curiosity. A similar 
remark applies to the drawings by Scheiner, SchMaus, 
and others, 

At this early stage of lunar research the darker 
portions of the moon’s surface were considered to ho 
seas, the brighter parts being looked upon as land 
regions. Thus wo find Kepler saying, ‘ Do maculns 
esse maria, do lucidas esse terras.’ Galileo himself 
seems to luive been better satisfied with his recognition 
of mountains and valleys on the moon than with the 
suiiposed distinction between land and sea regions, 
It is worthy of notice that in Milton’s brief references 
to the Florentine astronomer, based undoubtedly on 
the poet’s recollection of his interviews with GalihiO 
(see the ‘ Areopagitica’), there is no mention of seas. 
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Thus in Book I. of ‘ Pai-adise Lost ’ Milton coinparea 
the shield of Satan to — 

* Tho moon, whoso orb 
ThrougTi optic glass tho Tuscan artist views 
At evening, from tlio top of Fosol6, 

Or ill Val d’ Arno, to descry new lands, 

Rivers, or mountains, on her spotty globo.’ 

Again, in the fifth boolc, Raphael sees the earth— 

< As when by night iho glass 
OC Galileo, less assured, observes 
Imagined lands and regions in tho moon,* 

It is difficult to suppose that Milton would not have 
said ‘ oceans ’ instead of ^ regions^ if Gfalileo had enter- 
tained the opinion that the dark lunar regions are seas. 

Hevelins, who next tnade any considerable advance 
in the study of tho moon’s snrfuco, adopted Kepler’s 
opinion aa to the distinction between the dark and 
bright regions of the moon. He constructed a chart 
which contained more detail and was more correct 
than. Galileo’s, and adopted a system of nomenclature 
indicating his belief in the existence of analogies 
between lunar and terrestrial regions. Thus we find 
in his list of names — mountains, deserts, marshes, 
seas, lakes, islands, bays, promontories, and straits. 
In some cases he named these from their imagined 
resemblance to terrestrial regions ; in others he indi- 
cated their appearance as seen in his telescope. Thus, 
the great crater now called Copernicus was by Hevelius 
called Mount Etna; while the dark enclosed surface 
called Plato was named by Ilevelius Hhe greater 
black lake.’ The chart by Heyelius was necessarily 
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imperfect compared with those now in existence. The 
telescopic power he employed was very little greater 
than that used by Galileo ; and he had to trust, hlce 
Galileo, to mere estimation of the proportions of the di - 
ferent lunar regions, not possessing even the roughest 
appliances for micrometrical measuieinent. 

We owe to Hcvelius the recognition of the most im- 
portant of the lunar librations. Galileo had detected 
the libration in latitude, and had shown that there 
must also be a small diurnal libration (see last chapter). 
Hevelius perceived that spots near the eastern and 
western edge of the lunar disc were sometimes farther 
on the disc than at others. He not only showed that 
this is due to the libration in longitude, but was able 
to prove that this libration depends on the varying 
motion of the moon and her (appreciably) uniform 
rotation. 

Hevelius's ‘ Selenographia,’ which containsbis chart 
(engraved on metal by himself), appeared in 1647. 
At this time reyresl and Gassendi were engaged in the 
construction of a lunar chart; but when they heard 
that Hevelius had completed such a chart, they ceased 
from their labour, having drawn only one sheet of their 
chart. 

Father Riccioli, of Bologna, published in 1651 a 
much less valuable chart than that of Hevelius. Ho 
adopted a new system of nomenclature, replacing the 
terrestrial names of Hevelius by the names of astrono- 
mers and philosophers. Miidler says, indeed, that 
lliccioli’s work would have been forgotten had he not 
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been led by vanity to find a place for his own name 
on the moon 3 an arrangement only to be achieved by 
displacing all the names used by Heveliiis, at the risk 
of causing perplexity and confusion to later astrono- 
mers* The charge is rather a serious one. 

Riccioli^s estimates of the altitude of the lunar 
mountains were altogether unsatisfactory. 

Dominic Cassini constructed a chart of the moon 
12 Paris feet in diameter, but not showing many 
details. So far as the method of construction was 
concerned^ this map should have been an important 
improvement on its predecessors. The places of the 
chief lunar spots were determined by measurement, 
the other spots were placed by eye-estimates corrected 
for the effects of libration. In 1680 Cassini constructed 
a chart 20 Paris inches in diameter, respecting which 
Miidler remarks that it surpassed that of Heveliiis in 
fulness of detail but not in correctness, All the copies 
of this chart were soon sold, and Madler considers it 
likely that the chart was unknown in Germany until 
a new edition was published by Lalande in 1787, 

The first really reliable chart of the moon was con- 
structed by Tobias Mayer. During a lunar eclipse in 
the year 1748, Mayer wished to note the passage of 
the earth’s shadow over the principal lunar features, 
and he recognised the want of an exact chart of the 
moon. It would a^^pear from Lichtenherg’s account 
that Mayer proposed to himself the construction of a 
chart on a large scale, showing the places of the chief 
lunar spots determined micrometrically. This plan 
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le was prevented from carrying out by n pressure of 
other engagements, A small oliart, however (7^ Paris 
inches in diameter), was found among his impers, and 
was published at Gottingen, in 1775, thirteen years 
after his death, among his ‘ Opera Inedita,' and re- 
mained until 1824 the only trustworthy map of our 
satellite, 

Schrdter of Lilienthal studied the moon with great 
care and patience, using first a 7-feot reflector, then 
one of 18 feet, and lastly one of 27 feet in focal length. 
The labours of Schroter as a selonographist were not 
altogether successful, because of his want of skill in 
delineating what ho saw. Peer and Madlor consider 
that the accuracy of Schroter’s work was further 
affected by his desire to recognise signs, of change in 
the moon. Put Webb says respecting Schroter’s ‘ Seleno- 
graphische Fragmento,’ ‘ I have never closed the simple 
and candid record of his most zealous labours with any 
feeling approaching to contempt’ (somewhat guarded 
praise, by the way), and he adds that possibly Peer 
and Mtuller wore not themselves free from a pro- 
posHOSsion opposite to that which they condemned in 
Schroter, 

Tlie work of Lolmnann must bo regarded as the 
first really scientific attempt to delineate the moon’s 
surface in detail. Ijohrmaiin was a land-surveyor 
of Dresden. Ho planned the construction of a lunar 
chart on a largo scale in 25 sections, and in 1824 the 
first four sections were published. Pub failing sight 
compelled him to desist from his arduous attempt. 

h 
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In 1838 lie ptiblishecl an excellent general clinrt of the 
moon 15^ inches in diameter.' 

MM. Beer and MUdler began their selenographio 
work in 1830, and their 3-feet chart, together with 
their fine work on the moon,^ appeared in 1837. The 
telescope employed by them was only four inches in 
diameter, and the chart does not show every feature 
which can be recognised with a telescope of that 
aperture. Yet the amount of detail is remarkable, 
and the labour actually bestowed upon the ivork will 
appear incredible to those who are unfamiliar with 
the telescopic aspect of the moon. In ‘Der Mond,’ 
Beer and Madler give their measprements of the 
positions of no less than 919 lunar spots, and 1,005 
determinations of the height of lunar mountaiuB." 
The map which accompanies the present work has 
been reduced from Mr. Webb’s,— -itself reduced from 
the large chart by MM. Beer and Madler. Mr. Webb’s 
map is valuable as the work of one who is himself so 
skilful a student of the moon’s surface. The following 
is Mr. Webb’s modest account of a map which has long 
been recognised as a very useful contribution to sele- 
nography ! — ‘ It pmofesses to be merely a guide to such 
of the more interesting features as common telescopes 

* Lohrmanu died tn 1840. 

« ‘Dor Mond, nach scinen kosmischon imd individncllon 
Veilililtnisson,’ 

3 Tho heights aro given in toisca, a toiso being about 6*3040 
English feet. The highest mountain of all ia very appropriately 
named Newton, and, according to the measures of Boor and Miidlor, 
its summit is 3,727 toises, or about 23,800 feet, above the lovol of 
the floor of the crater. 



147 


STUDY OF TUE MOON’S SURFACE. 

u-ill veacb. It Ims been carefully veduccd from the 
“ Muppa Selenograpliica ”of Beer and Miidler, omitting 
an immense amount of detail accumulated by tbeir 
diligent perseverance, which would only serve to pei- 
plex the learner. Selection was difficult in such a 
crowd, On the whole, it seemed best to include every 
object distinguished by an indqjendent name ; many 
of little interest thus creep in, and many sufficiently 
remarkable ones drop out ; but the line must have 
been drawn somewhere, and perhaps would have been 
nowhere better chosen for the student. Other spots, 
however, have been admitted, from their conspicuons- 
ness, to which Beer and Miidler have given only a 
subordinate name; minuter details come in, in 
places, for ready identilication 5 elsewhere larger ob- 
jeets are passed by, as less useful for the purpose of 
the map,’ 

Two lists of 400 of the lunar objects shown in the 
map— first, in the order of the number; and secondly, 
in alpliabetical order — will l)e found at the end ol 
this volume. 

Iinay add tlmtin the year 1809 1 carefully examined 
every object included in Webb’s map, with a tcbiscopa 
2 , 1 ; inches in aperture, using low powers, and satisfied 
myself that the map fulfils in every respect the object 
aimed at by its designer. 

And bore, in passing, I may remark that I cannot 
indicate a more pleasing occupation for the possc'ssor 
of a tclcscoim of that size (or any larger size up to font 

h 2 
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inches) timn to go over the moon’s disc, examining 
each object aeriatimy and carefully comparing ^Yhat is 
seen with the appearance shown in the iihotographs. 
In particular, it is a most useful and instructive exercise 
to observe the varying appearance of particular objects 
as they come into sunlight, as sunlight grow's fuller 
upon them, and afterwards as sunlight passes away 
from them, until at length they are in darkness. Tho 
most convenient objects to select for this purpose 
(though it need hardly be said that the true lunarian 
astronomer will not bo content with observing these 
only) are those which lie near the terminator of tho 
moon ratlior early during her first quarter, for these 
will be again on the terminator rather early in the 
third quarter. Thus they can be observed first in the 
early evening, and then later and later, until, when the 
terminator is just leaving them, they must be observed 
after midnight, but not very late ; whereas those objects 
which are first reached by the advancing terminator 
during the moon’s second quarter are left by the re- 
ceding terminator during the fourth quarter, and to be 
well studied at this time must be observed iu the early 
morning hours, Those students of astronomy, how- 
ever, who are ready to observe at any hour of tho night 
from twilight to dawn, can study any part of the moon 
from sunrise to sunset at that part. It will be obvious 
that thoroughly to examine any spot on the moon, it 
must be observed during many lunations. Apart from 
the circumstance that unfavourable weather breaks the 
continuity of the observations, the interval of many 
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hours necessarily elapsing between successive observa- 
tions suffices to render the study of any spot during 
any single lunation imperfect. This is especially the 
case with objects near the eastern and western limbs, 
because the moon must be nearly new (cither before or 
after conjunction with the sun) when sunrise or sunset 
occurs at such points, and the moon can only be ob- 
served a short time in the morning when she is ap- 
proaching conjunction, and a short time in the evening 
soon after conjunction. But even for other parts of 
the moon the difficulty exists. An observer may watch 
the progress of sunrise at any spot near the terminator 
of the half-moon, hour after hour, for several hours in 
sncccBsion; bub ho must be interrupted for a much 
longer period, after the moon has approached too near 
the horizon for useful study, until she is again at a 
fair elevation. Now in the interval — say sixteen or 
seycntccn hours — sunrise or sunset at the spot will 
have made great progress, notwithstanding tlie great 
length of the lunar day. For sixteen hours on the 
moon (about a forty-fourth part of the lunar day) 
correspond to more than half an limu* on the earth, and 
we know that in every part of the earth the sun’s place 
on the heavens alters considerably in half an hour. In 
fact, in sixteen hours, the sun, as seen from the moon, 
changes his place by about eight degrees, and this most 
importantly alfcets the position and dimensions of the 
shadows thrown by any lunar heights, especially near 
the time of sunrise and sunset. It is further to bo con-* 
sidcred that the circumstuncos under which a lunar 
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Spat 13 studied vary markedly during the progress of 
lunation. 

The labours of Schmidt, of Athens, must be regarded 
as altogether the most important contribution yet made 
to selenography. The observations on which the con- 
struGtioii of his chart has been based wore commenced 
in 1839, and in 1805 Schmidt began to combine these 
observations together into chart-form. He pro]) 08 ed at 
that time to have a chart with a diameter of 6 Paris 
feet, and divided into four quadrants, like Miicller’s 
chart. The telescope employed for reviewing the ob- 
servations was the refractor of the Athens Observatory, 
having an aperture of 6 Paris inches. In Axiril, 1868, 
the work had progressed so far that Schmidt was able 
to form an opinion as to tho probable value of a chart 
completed on the adopted plan. lie was dissatisfied 
with the result. The work was not exact enough nor 
sufficiently delicate in drawing for his purposes. Ho 
determined therefore to begin the charting afresh, 
detaining tho original diameter of 6 Paris feet, ho 
divided the chart into 26 sections, adopting Lohr- 
mann’s arrangement. Each section forming a much 
grualler map than the former quadrants, it was 
possible to adopt a much finer and more exact method 
of drawing. He began this work in April, 1868, and 
it w’RS published in 1879. There were difficulties on 
the score of expense, but after some delay those were 
surmounted. After Schmidt had given the labours of 
a life, or tho best part of a life, to a scientific work 
of such great difficulty, and with results so valuable, it 
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would havG been discreditable to science if the work 
had not been luiblishcd in a way securing him a just 
reward for his untiring exertions. 

The nmp of Bullialdus and Liibienitzky, Plate I., 
affords an idea of Schmidt’s method of delineation. 
It has been reduced, however, considerably fi’oin the 
original. The reader should seek out Bullialdus in 
Mr. Webb’s map (it is numbered 213, and is in the 
third quadrant). The comparison of the two maps 
will afford an excellent idea of the plan on which 
Schmidt has carried out his processes of charting. 

The application of photography to the moon, closely 
associated with the subject of lunar charts, has next 
to bo considered. 

So early as 1840 Arago dwelt on the possibility 
tlmt the moon might be persuaded to take her own 
portrait, — speaking of the hope that instead of those 
long and wearisome labours by which men had hitherto 
sought to chart the moon, a few minutes might suffice 
to bring her image on Daguerre’s prepared plates. 
However, in the very year when Arago made this 
remark, Dr. Draper, of New York, had succeeded in 
photographing the moon. The following history of 
photographic work on the nacon is abridged from a 
chapter on the subject contributed by Mr. Brothers 
to Chambers’ < Handbook of Descriptive Astronomy ’ s~ 

^ It appears from a paper by Professor II. Draper, 
of New York, published in April, 1864, that in the 
year 1840 his father. Dr. J. W. Draper, was the first 
who succeeded in photographing the moon. Dr. 
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Draper states that at the time named (1840) \vaa 
generally supposed the moon’s light contained no 
actinic rays, and was entirely without effect- on the 
sensitive silver compounds used in daguerreotyping.” 
With a telescope of 6 inches aperture Dr. Draper 
obtained pictures on sih'er i^latea, and presented 
them to the Lyeeutn of Natural History of New 
York. Daguerre is stated to have made an un- 
Buccessful attempt to photograph the mooii) but I 
have been unable to ascertain when this experiment 
was made, 

‘ Bond’s photographs of the moon were made in 
1850, The telescope used by him was the Cambridge 
(U.S,) refractor of 16 inches aperture, which gave an 
image of the moon at the focus of the object-glass 
2 inches in diameter. Daguerreotypes and pictures 
on glass mounted for the stereoscope were thus ob- 
tained, and some of them were shown at the Great 
Exhibition of 1851, in London, 

‘ Between the years 1850 and 1857, we find Secebi 
in Rome, and Berteli and Avnauld in France, and 
in England Phillips, Hartnup, Crookes, De la Rue, 
Fry and Huggins, appearing as astronomical pho- 
tographers. To these may be added the name of 
Dancer, of Manchester, who in February, 1 852, made 
some negatives of the moon with a 4i-inch object- 
glass. They were small, but of such excellence that 
they would bear examination under the microscope 
with a 3-inch objective, and they are believed to be 
the first ever taken in this country. Baxendoll and 
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Williamson, also of Manchester, were engaged about 
the same time in producing photographs of the 
moon. 

‘The first detailed account of experiments in 
celestial photography which I have met with is by 
Professor Phillips* who read a paper on the subject 
at the meeting of the Biitish Association at Hull in 
1833. In it ho says *. “ If iihotography can ever succeed 
in portraying as much of the moon as the eye can see 
and discriminate, wo shall be able to leave to future 
times monuinonta by which the secular changes of the 
moon’s physical aspect may be determined. And if 
(his ho impraetieablc — if the utmost success of tho 
photographer should only produce a picture of tho 
larger features of the moon, this will be a gift of the 
highest value, since it will bo a basis, an accurate and 
practical foundation of the minuter details, which, with 
such aid, tho artist m.ay confidently sketch.” Tho 
pictures of the moon taken by Prolessor Phillips were 
made witli a (ii-inch refractor, by Cooke, of U feet 
focus; this produced a negative of 1^ inch diameter 
in 30 sccoiuls. Professor Pliillipa docs not enter very 
minutely into the photographic part of tho subject, 
but ho gives some very useful details of calculations 
as to what may bo expected to be seen in photographs 
taken with such n Bf)]cndid instrument as tliat of Lord 
Posse. It is assumed that an imago of the moon may 
bo obtained dit'cot of 12 inches diameter, and tliia, when 
again magnified sufllciently, would show “ black biinds 
1{{ yards across.” ‘SVhat may bo done remains to be 
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EeeD, but up to the present time these anticipations 
have not been realised. 

‘ We have next, from the pen of Crookes, a papor 
cointnunicatecl to the Royal Society of London in 
December, 1856, but which was not read before that 
Society until February in the following year. Mr^ 
Crookes appears to have obtained good results iiB 
early as 1855, and, assisted by a grant from th<^ 
Donation Fund of the Royal Society, ho was enablod 
to give attention to the subject during the greater part 
of the year following. The details of the process em- 
ployed are .given with much minuteness. The ttslo 
scope used was the equatorial refractor at the Liver- 
pool Observatory, of 8 inches aperture and 12^j- feet 
focal length, which produced an image of the incon 
1-35 inch diameter. The body of a small camera wan 
fixed in the place of the eye-piece, so that the imago of 
the moon was received in the usual way on the gr(3iiiid 
glass. The chemical focus of the object-glass was found 
to be "j^oths of an inch beyond the optical focus, being 
over-corrected for the actinic rays. Although a good 
clock movement, driven by water-power, was applied to 
the telescope, it was found necessary to follo^Y llio 
inoon^s motion by means of the slow-motion hand It la 
attached to the right ascension and declination eircl(?H, 
and this was effected by using an eye-piece with u 
power of 200 on the finder, keeping the cross-wiri!H 
steadily on one spot. With this instr ament Hartnup 
had taken a large number of negatives, but owing in 
the long exposure required he was not successful ; but 
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with more suitable collodion and chemical solutions, 
and although the temperature of the Observatory was 
below the freezing-point, Mr. Crookes obtained dense 
negatives in about 4 seconds. Crookes afterwards eri- 
larged his negatives 20 diameters, and he expresses his 
opinion that the magnifying should be conducted simul- 
taneously with the photography by having a proper 
arrangement of lenses, so as to throw an enlarged imago 
of the moon at once on the collodion jilale ; and ho 
states that the want of light could be no objection, as 
an exposure of from 2 to 10 minutes would not be « too 
severe a tax upon a steady and skilful hand and eye.” 

‘ In an appendix to his paper Mr. Crookes gives 
Boihe particulars' as to the time required to obtain 
negatives of the moon with different telescopes, from 
which it appears that the time varied from C minutes 
to 6 seconds. The different results named must, I con- 
clude, have been caused not so much by the differences 
in the instruments ns in the various processes employed, 
and in the manipulation. I must observe, also, that it 
is not slated whether all the experiments were tried 
upon the full moon— a point materially affecting the 
time. 

‘In 18.'58 Be la Rue read an important paper 
before the Royal Astronomical Society, from which it 
appears that the light of the moon is from 2 to & times 
brighter than that of Jupiter,' while its actinic power 

1 Thcorotically llio liglit of Iho moon slionW bo nonvly 27 (imos 
as briglit ns Jupitor'a, since Jupilcr is D| limes Xni'Umr from ilu- 
sun. 
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is only as 6 to 5, or G to 4, On Dec. 7, 1057^ Jupiter 
^Yas photographed in 5 seconds and Saturn in 1 minute, 
and on another occasion the moon and Saturn were 
photographed in 15 seconds just after an occuUation of 
the planet. 

‘ The report of the Council of the Royal Astrono- 
mical Society for 1858 contains the following remarks; 
— ‘‘A very curious result, since to some extent con- 
firmed by Professor Secchi, has been pointed out by De 
la Rue, namely, that those portions of the moon’s sur- 
face whicli are illumined by a very oblique ray from the 
sun possess yo little photogenic power that, although 
to the eye they appear as bright as other portions of the 
moon illumined by a more direct ray, the latter will 
produce the effect called by photographers ^solarisation^ 
before the former (the obliquely illumined portions) 
can produce the faintest image.** And the report also 
suggests that the moon may have a comparatively dense 
atmosxAere, and that there may be vegetation on those 
parts called seas. 

^ At the meeting of the British Association at Aber- 
deen, in 1860, De la Rue read a very valuable paper on 
Celestial Photography. An abstract of it was published 
at the time in the British Journal of Photography,” 
and in August and September of the following year 
further details of this gentleman’s method of working 
were given in the same journal. The processes and 
machinery employed are so minutely described that it 
is unnecessary here to say more than that he com- 
menced his experiments about the end of 1852, and that 
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ln! uHOid a rciflcctiDg tolcacopo* of liis own manufactuTe 
of i:i aptiiTuro and 10 feet focal length, which 

givea 11 iK'giitivo of the moon averaging about -f^th of 
mi inch in (linnicter. The photographs were at first 
t iiltmi at llui side of the tube after the image had been 
twice rellectt'd. Tliia was afterwards altered so us to 


iilhnv the image to pass direct to the collodion jilate, but 
l lio aclviuitage gained by this method was not so aatis- 
fm-tory as was cxiioetinl. In talcing pictures at the side 
of tlie tube, a small camera boss was fixed in the place 
of the eye-pi(!eo, and at the back a small compound 
iiucroscopo was attaebed, so that the edge of a broad 
wirti was always kept in contact with one of the craters 
on the moon’s surface, the image being seen through the 
collodion Him at the same tune with the wire in the 
rocus of the microscope. This ingenious contrivance, 
in the ahsonco of a driving-clock, was found to be very 
circetual, and some very sharp and heautiful negatives 
Avero thus ohtuiniid. Do la Hue afterwards applied a 
obKiUwork motion to the telescope, and his negatives 
falcon with the sniuo instrument are as yet the best 

ever oblained in (his country. 

‘ Nearly a (juartcr of a century has elapsed since the 
moon w«H first photographed in America, and a good 
diail has hecn done since on that side of the Atlantic. 
To an American cve tiro indebted for tbe best pic- 
t'uroa of our Hatcllitc yet produced, and it is difficult to 


I < The lulviiiitHKO oC tlio rodoctlng over tlio votmctlng 
|„ y,.ry .treat, owh.K to Uu. c.l.uii.fonoo of tl.o visual antf nctis c 
f" Jl i bill lt will ,.vos«utly «l.l.<'nr tl.at U.o refractor cau bo urado to 
iqiiiit, i£ not uxcol, llio work ot tlio rollcotor. 
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conceive that anything superior can ever be obtaiiKul \ 
and yet with the fact before us that De la Rue's aro 
better tl)an any others taken in this country, so it may 
prove that even the marvellous pictures of Mr. Rutlun- 
furd may be surpassed. 

^Mr. Rutherfurd appears, from a paper in Sil li- 
man’s “American Journal of Science ” for May, 1865, if) 
have begun his work in lunar photography in 1858, 
with an equatorial of inches aperture and 14 Uw.t 
focal length, and corrected in the usual way for tlu^ 
visual focus only.' The actinic focus was found to li(^ 
-j'^ths of an inch longer than the visual. The instru- 
ment gave pictures of the moon, and of the stars do\vn 
to the fifth magnihide, satisfactory when compared wit h 
what had previously been done, but not suflicieutly ho 
to satisfy Mr, Rutherfurd, who, after trying to convvl 
for the. photographic ray by working with combination H 
of lenses inserted in the tube between the object-glaH^^ 
and sensitive plate, commenced some experimcntH in 
1861 with a silvered mirror of 13 inches diameter, whirli 
was mounted in a frame strapped to the tube of llu^ 
refractor. Mr. Rutherfurd enumerates several ol)je(^- 
tionsto the reflector for this kind of work, but adniiU 
the advantage of the coincidence of foci. The reflocl (pr 
was abandoned for a refractor specially constructed, of 
the same size as the first one, and nearly of the sanui 
focal length, but corrected only for the chemical ruyn. 
The glass was completed in December, 1864, hut it 
was not until March 6 of the following year that u 
sufficiently clear atmosphere occurred, and on that night 
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dm noprativo wuH talcou from the prints wm', 

jnu<l(S ’ 

Mr. lU'<»(,lKyr« has lakrn many plmtogmphH 

of thn moon with gn?at hikujohh, Chough uHiug a t<0o- 
Ht!o[>o (rofrac(ing) only hvci inahoH in ap<?rlurc. Tho 
coinve'nitMH^n and Himnlicity of tlus iirnuigouHoilH ho oni« 
ployed will 1)0 rocognimMl wh<m iC ia nMmlioni‘(l thiitou 
(lio ovoniufj of tlio piu’iial (MdipHo of Ui(‘, moon, Ooi., 4, 

I HitT), ho Hin'oeeiled, ^ wil k tlio help of ( wo aHHintuntH, 
{n laking no Iohh Chan tiO n<‘ga(iv(*H, lliongli iJio tolo- 
Hoopo wurt Kovintil diKinrlnMl to ohligci IVitoalH who 
to Hoo Iho progvosHof (ho oolipHO through iho 
ill Hi lunioul .* 

Hofoni paHHing to (dio (loHorijition of tho g(niicrul 
rosullH wln(5h havo fullowasd fnnu tho l<4oH<io))ic obH(‘rva- 
timi <if tho moon, an well oh from proiaw^H of oliarlhig 
iiiid pholograplnng, it will ho well to diKouHH Uu^ ohnor- 
valioiiM \s4udi havo liomi inadt^ on inooidn Hghti — 
vi/. first- on tho total <ivaniti(y of light whioli hIumo- 
IhM'lH, wlum full, iowarihi llio ourih ; Hoomidly, on tho 
varying propovtimi of liglitao rollro.li‘(l wlion aho ia at 
her plniHoH ; and thirdly, on lhodilVoreut!ighl-rolh*eUng 
tjnidilivH of (Ulloront povliooH of lior mnlUeo. 

Tim <?omiidoratii)U of iho tolal gnanlily ui light 
voiloidod liy tho inooii implii*rt ni reality ih(^ qinmliou 
what flogroo of ivhiUnvt^fi nho poHHOHsoH, For a jaTfoolly 
whito olgool;^ would rollooli all llm light it roooivoil, 

» Them Ih do hiiHi UiIuk M ymUnM whUenowM In imi)iro (niter- 
rlDK hi «i|iaipu) iihJi-nOt). Pv*‘a nmv-fiUh»n mhiw iliii n ii«4 rrlleel nn 
tuurli af4 rnui-tlfiliH of Ihn hiuliloiil. Hida. Tlio follo\vlii(^; Inhla 
(.rcMaUhJi; fioiii CIju obHuiiuUooH uf /.(iUiier) !» anelwl for pia'[toHuM 
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but a coloured object reflects only a portion, while a 
perfectly black object would reflect none. An object 
of many colours— and the moon unquestionably is siujh 
an object— may be said to tend (as a whole) toward H 
blackness or whiteness, according as it reflects loss or 
more of the light which shines upon it. 

Let us first consider the comparison between tho 
moon’s light and the sun’s, according to the best obser- 
vationB hitherto made ; — ’ 

The observations of Bouguer assigned to the moon 
a total brightness equal to one 300,000th part of thu 
sun’s. The method he employed was tho direct com- 
parison between sunlight and candlelight, and belwooti 
moonlight and candlelight. Wollaston also took candle- 
light as the means of comparison, but determined tho 
relative brightness of the sources of light by thoinetho'-l 
of equalising the shadows. He obtained the result tlmt 


of coTtiparison, tho total light iiicklcnt 
sented by unity 

Snow jvtst fallen icflcots • » 

White paper • ♦ 

White sandstone » « » 

Clay marl ,i • * 

Quartz porphyry ,, « • 

Moist soil u • * 

Dark grey syenite » 


on a surface being rcpi<i- 


. 0 - 7ft3 
, O’700 
• 0-237 
, 0160 
, 0-108 
. O’Oro 
. 0-078 


These objects shine by diltuscil roncoted 
regularly lofleoted the following table is useful ■ 


light. For 11 gilt 


Moroiiry reflects « • • 

Speculum metal reflects * . 

Glass reflects « » • < 

Obsidian . • • • 

Water 


, 0-018 
» 0-606 
, 0-010 

, 0-082 
♦ 0021 
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tho moon’s light is but one SOl^OTOth part of the 
fiun’s. 

We owcj liowovei\ to Zollner the most satisfactory 
<letevinination of the moon*3 total brightness. He 
cM nployed two distinct methods, In one he determined 
tho illumination by comparing surface-brightness 5 in 
th(', other ho obtained point4ike images of the sun and 
moon for comparison with corresponding images of 
candle- flumes. The results obtained by these two 
nudhods were in close agreement, — according to one^ 
tho light of the full moon is one 618,OOObh part of the 
flUii*s light, while, according to the other, the propor- 
tion ifl as 1 to 619,000. 

It would bo easy to determine from this result the 
exact proportion of tho incident light which the 
moon’s surface, regarded as a whole, is capable of re- 
llocting, if tho moon were a smooth but unpolished 
Bphoro 5 for we know exactly what proportion of the 
Hun’s light tho moon intercepts, and it is also known 
tluit asinootli half-sphere, seen under full illumination, 
vollocta two-thirds of the light which a flat round disc 
of the Biiinc diameter would reflect. But the problem 
is coini)lieatc‘(l in the present instance by the uneven- 
n<^Htt of the moon’s surface, which causes the light to 
fall upon various parts of the lunar surface at angles 
v<?ry dlllToreut from those in the case of a smooth 
nphorc, In fact, it is perfectly manifest, from the 
nspeeb of tho full moon, that we have to deal with a 
CMiHii very diiTorent from that of a smooth, or, as it is 
called, viat surface. For such a suiface, seen as a 
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disc under full solar illumination, would be brightest 
an the centre, and shade off gradually to the eclg(» ; 
whereas it is patent to observation that the disc of tho 
full moon is as bright near the edge as near the centre.' 
Before we can undertake the inc[uiry, therefore, into 
the moon’s average brightness, we must endeavour to 
ascertain what effect should be ascribed to the ine{|uii- 
lities upon her surface, 

This has been accomplished by Zollner in a sufli- 
ciently satisfactory manner, by comparing the total 
quantity of the moon’s light at her various phase 8, 
with what would be obtained if the moon wor(i a 
smooth sphere. It is obvious that as the different parl H 
of the moon’s disc, when she is full, do nob shine with 
the brightness due to a smooth surface, we might ex- 
pect to find her total brightness at any given phaKO 
markedly different from tho value estimated for tho 
case of a smooth sphere. This Zollner found to bo llio 
case. The ^full’ moon is far brighter by comparison 
with the gibbous moon (especially when little moro 
than half full), than would be the case if she W(n‘<5 
smooth. The considerations on which Zollner bastKl 
his interpretation of this peculiarity are not suited 

' It is necessary to exoroiso some caution, liowovor, in a(loi>Uiig 
a result of this kind, since tho eye is very readily deceived, IVo 
sec the full moon on a dark background, and this certainly tonda 
to add to the apparent brightness of tho edge of tho disc, Ah ri 
case illustrating this effect of contrast, it may bo montionod Hint 
Jupiter appears to the eye to bo brighter near tho edge thna near 
the middle of tho disc, and yet when his cliso is examined with iv 
graduated darkening glass, it is found to be brighter near the mUlOlo 
than near the edge. 
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to these pages, involving analytical considerations of 
some complexity. The result, therefore, is all that 
need here be stated. Zolliier’s conclusion is, that the 
average slope of the lunar inequalities amounts to 
about 52 degrees.' Be it noticed, that this result is 
in no degree affected by observations of the apparent 
slope of lunar mountains and craters, because irregu- 


• Tlio following tftMo will show how closely tlm rcsnlts ohtnincfl 
by Zollnor agreed with tho empirical formula which ho dodnoed 
from his estimate of tho moan sloiw of tho lunar irrogidnritios. 
Tho nrat column gives tho distanoo of tho moon from full, the 
distance being regarded as positive when tho observation was made 
after tho time of full moon, and as nogatlvo when tho observation 




1G4 


STUDY OF TllK MOON’S SURFACE* 


larities much smaller than any which the telescope can 
detect would suffice to explain the observed variations 
of brilliancy* If the whole surface of the moon wore 
covered witli conical hills only a foot, or even only nn 
inch in height, the same general result would be 
produced as though there were mountains of the same 
form a mile, or several miles, in height. 

It appears from this result, that the brightness of 
Jhe full moon is considerably greater than it would 
be if the moon were a smooth sphere; and, in fact, 
Zullner would seem to regard the brightness of tlui 
full moon as very nearly ecpial to that of a flat disc of 
equal diameter. I do notenter here into a calculation 
of the quantity of light which such a disc would refle(d ; 
but the following result may be accepted as sufliciontly 
near the truth. A perfectly white disc of the same 
diameter as the mooiVs, and under direct solar illiH 
mination, would have a total brightness equal to about 
one 92,600th part of the sun^s. Now w'e have seem 
that the actual quantity received from the moon i« 
about one 618,000th jjart of the sun’s light; and 
taking into account the smaller mean disc of tho 
moon, as compared with the sun, we find that tluj 
moon’s light is rather more than one -sixth part of 
that of a disc of i)erfect whiteness, under direct boIiu' 
illumination, and looking as large as the moon’s disc* 
Zollner, from his estimate of the mean irregularity of 
the moon’s surface, deduces a result so near to this as 
to imply what I have just stated, — viz. that he regards 
the brightness of the full moon as not much less than 
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that of a flat disc of equal size, and having a surfiice 
of the same average refleciive power* For he sets the 
light of the full moon at rather less than a sixth part 
of that wliich it would have if tho moon were made 
of a perfectly white substance. Tho exact proportion 
assigned hy him is that of to 10,000. 1 his is 

what, following Lambert, he calls the albedo^ or white- 
ness of the muon, and ho justly remar Ics that, consider- 
ing her whole brightness, sho must bo regarded as more 
nearly black than white. Nevertheless, he adds that 
from his estimates of the moon’s brighter parts ho is 
satisfied that their whiteness can be compared with that 
of the whitest of terrestrial subslancesd 

It is worthy of notice that Sir John Herschel had 
already in a fur simpler way deduced a result closely 
agreeing with Zollner’s. It will be seen from the 
table in the note at p. 160 that white sandstone reflects 
about 0'237 of the incident light; and it may be 
inferred from other values in that table that weathered 
sandstone rock would have an eelhedo of about 0*1 50. 
Now Hcrsclicl remarks that the actual illumination 
of tho lunar surface is not much superior to that of 
weathered sandstone rock in full sunshine. ‘I have 
frequently,’ ho proceeds, « compared the moon setting 
behind the grey perpendicular fafado of tho Table 
Mountain, illuminated by tho sun just risen in the 
opposite quarter of the horizon, when it lias been 
scarcely distinguishable in brightness from tho reek 

» His words aro ; ‘ Hass dor Mond an soinon hollerou und luill- 
Bton iStolloii aus ohiem Stoft’o bostolii, dort aaC dio Itirdo ^jobranln, 
jtudem ^YOisscston dor unsbokaunlon KUrpor goxUhlb wordou wUrde/ 
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in contact with it. The sun and moon being nearly at 
equal altitudes, and the atmosphere perfectly free from 
cloud or vapour, its effect is alike on both luminaries/^ 

A difficulty will present itself to most readers on a 
first view of Zdlliier’s result. The full moon, taken as 
a whole, seems white when high above the horizon on 
a dark clear night; and it appears quite impossible to 
regard her as more nearly black than white. Again, 
as another form of the same difficult}’, it appears 
obvious to anyone who regards ordinary sandstone or 
any substance of like reflective power in full daylight, 
that the brightness of the substance is markedly inferior 
to that of the full moon at midnight. Herein is illus- 
trated one of those effects of contrast which are so 
deceptive in all questions of relative brightness. We 
see the full moon on a dark background, and with no 
other object comparable with her in brightness, and 
the eye accordingly overestimates her light, — a com- 
parison is made between her real but not obvious 
darkness, and the very obvious and much greater 
darkness of the sky, and thus the idea of whiteness is 
^'^Sg^sted. On the contrary, when we look at stone 
or rock illuminated by full sunlight, objects as brightly, 

* lb is to l)G noted, however, that the illmiinatUm of the sand- 
stone would bo reduced by atmospheric absorption, which would 
not happen, of course, with the moon. The effect of atmosphorio 
absorption in reducing the apparent brightness of the moon thus 
fully illuminated, and of the sandstone thus not quite fully illu- 
minated, would not be equal, because the sandstone was scon 
through only a portion of iho atmospheric strata interposed 
between the eye and the moon. Hence would result a near 
approach to equalisation so far as atmosphorio effects are con- 
cerned, 
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or even more brightly, iUnminated are all around, and 
the eye accordingly estimates fairly, oi peihaps even 
underestimates, the whiteness of the illuminated roch.* 
Eeturning to Zollner’s remark that the brightest 
parts of the moon are comparable in whiteness with 
the whitest terrestrial substances, it follows obviously 
that the darker portions of the moon are very much 
less bright than the average. Thus the bright summit 
of Aristarchus, whose reflective power is so great that 
as seen on the dark part of the moon (when therefore 
only illuminated by earth-light) it has been mistaken 
for a volcano in eruption, has probably a reflective power 
nearly equal to that of new-fallen snow, or 0-783, which 
exceeds the average whiteness of the moon about 4i 

> Amongst liunclvDcls of Uhistralions of the offootof contrast m 
docolving tl.o oyo in such oases (a subject of tbo lUmosUmportimeo 
in astroLmical observations) may bo monlionod onr ^ 

the brightness of the old moon in tho now moon s arms. NoUiing 
canbo moroeortainthan that in reality tho light o tho old moon 
hi this case is duo to illumination 

compulation this illumination exceeds full moonlight twelve times, 
('l-ho'^ only doubtful point is tho averago light-rollooting n'lnll'y 
tho earth’s surface, which I am hero assuming to bo « 5>®' 
tbnn tliab of tlio moon's surtaco.) Now wo know how biiglit a 
landscape iiprcars when bathed in full moonlight, and wo can 
infer that midor twelve times that amount of light tl.o brlghtnoaa 
would bo very ooiisidorablo. Assuredly an object m aigo 
appearance ns tlio moon would undot snob light appear very con- 
spicuous. and whUe. Yet tlio old moon in tho now moons aims, 
though illuminated to tills dogroo, eon sonrooly Im pcrooivcd at 
all until twilight has made some progress. 'Xho light of tho ear y 
evening sky is quite sunioiont to render tho consldovahlo light 
of tho old moon quite impurcopliblo. Yo this may bo ‘ ' 

fact tliat tho diso of tho moon during total coHiwos, although it 
so dark to tho oyo, is novortlioloss illumlimlod by ncjly 
full earth-llglit, and eortainly with ton times tho lustro of tt 
lotroBtrlal landscape under full moonlight 
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times. And we may assume that the* dark floor of 
Plato and the yet darker Grimaldi are ms far below tlio 
average of brightness. But even dark-grey syonito, 
the lowest in reflective power of all the 8ubs(;aiie<‘S in 
Zollner’s table (see note, p. IflO), reflects 0‘078 of the, 
incident light, which indicates a whiteness nearly biilf 
the average whiteness of the moon’s surface. Wo may 
safely assume that the darkest parts of the moon wvo 
darker than this, 

A question of much greater difficulty is suggoslrd 
by observations which appear to indicate cluuigCH in 
the biightness of certain lunar regions. Some obs(n‘- 
vations of this kind are referred to in a 8ubsc(jucn(* 
chapter. At present I shall merely remark that siudi 
observations do not appear to have been hitherto iniulu 
in such a way as to afford convincing evidence that- 
change takes place with the progress of the lunar diiy^ 
In particular, it seems to me that the readinosH witli 
which the eye may be deceived by tlie effect of con- 
trast has not been duly taken into accounts Thcia^- 
fore, while recognising, in the observations directed 
to the recognition of tint-changes or colouv-ehavig(*H, 
a possible means of advancing in a very marker I 
manner our knowledge of the moon’s condition, I find 
myself at present ' unable to regard as dcmonstratril 
any of the phenomena which are described by thost^ 
who have made researches in this department of seh^no- 
graphy. 

In considering the general results of the tolew- 
copic scrutiny of the moon, it is well to remember tliii 
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circuDistances under \Yliicli such scrutiny has been 
made. 

The highest i)ower yet applied to the moon (a 
power of about six-thousand) brings her, so to speak, 
to a distance of forty miles, — a distance far too great 
for objects of moderate size to become visible. Many 
of my readers have probably seen Mont Blanc from the 
neighbourhood of Geneva, a distanceof about forty miles, 

At this distance the proportions of vast snow-covered 
hills and rocks are dwarfed almost to nothingness, ex- 
tensive glaciers are quite imperceptible, and any attempt 
to recognise the presence of living creatures or of their 
dwellings (with the unaided eye) is utterly useless, 

But even this comparison does not present the full 
extent of the difliculties attending the examination 
of the moon’s surface with our highest powers. The 
circumstances under which such powers are applied 
are such as to render the view much less perfect than 
the mere value of the magnifying power employed 
might seem to imply. We view celestial objects 
through tubes placed at the bottom of a vast aerial 
ocean, never at rest through any portion of its depth ; 
and the atmospheric undulations which even the naked 
eye is able to detect are magnified just in proiiortion 
to the power employed. 

These undulations are the bane of the tclcscopist. 
What could bo done with telescopes, if it ivere not for 
those obstructions to perfect vision, may be gathered 
from the results of Professor Smyth’s observations from 
the summit of TenerJ ITo. Raised here above the densest 
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and most disturbed strata, ho found the powers of liif* 
telescope increased to a marvellous oxlcnt. Stars \Ylncli 
lie had looked for in vain with the same iiiHtrnnu’iit in 
Edinburgh now shone with admirable distincLnoss mu I 
brilliancy, Those delicate stij)plings of tlio discs of 
Jupiter and Saturn, which require in England (lit^ 
powers of the largest telescopes, were clearly H(i(m iit 
the excellent but small telescope he employed in Idn 
researches. It is probably not too much to sny tliah 
even if the Rosse tclcBcope were perfect in d(dininf( 
power, which unfortunately is very far indecMl frtiiii 
being the case, yet on account of almospheric disinvl*- 
ance, instead of reducing the mooids distance to forly 
miles, it would in fact not bo really eOective <‘n<nigli 
to reduce that distance to less than 150 inilcH, 

Accordingly, though wo recognise in the grey plains 
or seas on the moon the appearance of smoothness, il in 
very far from being certain that these roginns may nob 
in reality be covered with irregularities of very cniH 
siderable slope. They probably resemble sea-l^otlnniK, 
or they may be analogous to deserts and prairitm on 
our own earth, yet be considerably mH 3 von. The uni- 
formity of curvature which marks their surfaces as ii 
whole aftords an argument in favour of tlunr having own* 
been in a liquid condition ; but that their solkUficutiMii 
should have resulted in a smooth surfuco is far from 
being certain. On the contrary, it seems not iinlikely 
that the true surface may be marked with coiTiigaiit»nK, 
or crystalline formations, or other uniform unov(niuosHt*K, 
if one may so speak. 
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It IB a noteworthy cirenmstance that the lunar 
plains do not form portions of the same splierOj some 
lying deeper than others, — >that is, belonging to a sphere 
of smaller radius. 

Again, it is to be remembered that the mountain- 
chains on the moon are seen under circumstances 
which enable us to recognise none but the boldest 
features of these formations. It is as unsafe to 
theorise ns to their geological or selenological confor- 
mation, as it w’ould be to speculate on the structure 
of a mountain-range on earth which had only been seen 
from a distance of two or three hundred miles. The 
foUo^Ying description by Mr. Webb must be read with 
this consideration carefully held in remembrance : 

< The mountain-chains,’ he remarks, ^ are of very 
vavioua kind: some are of vast continuous height 
and extent, some flattened into plateaux intersected 
by ravines, some rough with crowds of hillocks, some 
sharpened into detached and precipitous peaks. The 
common feature of the mountain-chains on the earth — 
a greater steepness along one side — is very perceptible 
here, as though the strata had been tilted in a similar 
manner. Detached masses and solitary pyramids aie 
scattered here and there upon the plains, frequently 
of a height and abruptness imralleled only in the most 
Gvaggy regions of the earth. Every gradation of cliff and 
ridge and hillock succeeds ; among them a large number 
of narrow banks’ (that is, of banka which look narrow 
at the enormous distance from which they are seen), 
<of slight elevation hut surprising length, extending 
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for vast distances through level surfaces : these so 
frequently form lines of communication between more 
important objects j uniting distant craters or inoun« 
tains, and crowned at intervals by insulatod hills, that 
fechroter formerly, and Boer and ]\Iadler in modern 
times, have ascribed them to the horizontal working 
of an elastic force, which, when it reached a 'weaker 
portion of the surface, issued forth in a vertical up« 
heaval or explosion. The fact of the communication/ 
he justly adds, Ms more obvious than the i^robability 
of the explanation/ 

But although, as vrill be manifest from the photo- 
graphs which illustrate this worlc, the lunar inountain- 
nmges form by no means an unimportant feature of 
the moon’s surface, the crateriform mountains must 
be regarded as the more characteristic feature. If 
we adopt Mallet’s theory of the form alien of surfacc- 
irregu lari ties on a planet, we must assume that tlio 
intermediate stage between the formation of great 
elevated and depressed regions corrcBponding to our 
continents and oceans, and the epoch of Yolcani(! 
activity, lasted but a relatively short time. If the 
ciateriform mountains were due to volcanic action, 
then either that action was more widespread and 
intense than on the earth, or else the records of such 
action on our earth have disappeared. The considera- 
tions thus suggested are discussed in a subsequent 
chapter. Here I shall consider only the classification 
of the crateriform mountains. They may bo con- 
veniently divided, after Webb, into walled or bul- 
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^v^\v]ced plains, ring mountains, craters, and saucer- 
shaped depressions or pits* < The second and third, ^ 
he remarks, ‘ differ chiefly in size ; but the first have 
H character of their own, in the perfect resemblance of 
their interiors to the grey plains, as though they had 
hoGii originally deeper, but filled in subsecjuently with 
the same material, many of them in fact bearing 
evident marks of having been broken down and over- 
IJowed from the outside* Their colour is often sug- 
gestive of some kind of vegetation, though it is difficult 
to reconcile this with the apparent deficiency of air and 
water. It has been ingeniously suggested that a shallow 
stratum of carbonic acid gas, the frequent product of 
volcauoes and long surviving their activity (for instance, 
among the ancient craters of Auvergne, where it exists 
in great quantity), may in such situations support the 
life of some kind of plants; and the idea deserves to 
bo borne in mind in studying the changes of relative 
brightness in some of these spots. The deeper are 
tisxially the more concave craters; but the bottom is 
often fiat, sometimes convex, and frequently shows 
Hubsequont disturbance in ridges, hillocks, minute 
craters, or more generally, as the last effect of eruption, 
central hills of various heights, but seldom attaining 
that of the wall, or oven, according to Schmidt, the 
oxternal level. The ring is usually steepest within, as 
iu terrestrial craters, and many times built up in vast 
tei races, frequently lying, Schmidt says, in pairs divided 
by narrow ravines* Nasmyth refers these — ^not very 
probably — to successively decreasing explosions ; in 
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other cases he more reasonably ascribes them to tho 
slipping down of materials iipheaved too steeply^ to 
stand, and undermined by lava at their base, leaviiij? 
visible breaches in the wall above. They would ))» 
well explained on the supposition of fluctuating level h 
m a molten surface. Small transverse ridges occa- 
sionally descend from the ring, chiefly on the outside ; 
gi-eat peaks often spring up like towers upon tho 
wall; gateways at times break through the rampiivt, 
and in some cases are multiplied till the remiiiniiig 
piers of wall resemble the stones of a huge megalith io 
circle/ 

The accompanying picture of Copcruicua, by Nas- 
myth (Plate II.), aptly illustrates the appeanimM) 
of large craters when seen with powerful telescopOH. 

I give Mr. Webb’s description of the crater in full, as 
showing his method of dealing with lunar d< 5 tnils, 
in the useful work to which I have already iuvit.oal 
the reader’s •attention. ‘ Copernicus,’ he says, ‘ is oii« 
of the grandest emters, 50 m. in diameter. It bus u 
central mountain (E, 400 feet in height, according to 
Schmidt), two of whose six heads are conspicuous ; iiiid 
a noble ring composed not only of terraces, but distinct 
heights separated by ravines; the summit, a nai'r«)W 
ridge, not quite circular, rises H,000 feet £ibove I ho 
bottom, the height of Etna, after which Ilevol iiamoil it. 
Schmidt gives it nearly 12,800 feet, with a peak of 
13,500 feet, west; aird an inclination in some plnctm of 
60°. Piazzi Smyth observed remarkable resejTiblaiici's 
between the interior conchoidal cliffs and those of tlio 
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great crater of Teneviffe* A mass of ridges leans 
upon the wall, partly eoncontric, partly radiating : the 
latter are compared to lava* The whole is beauti- 
fully, though anonymously, figured in Sir J* Herscliers 
Outlines of Astronomy/^ There is also a large drawing 
by Secchi j but this grand object requires, and would 
well reward, still closer study* It comes into sight a 
day or two after the first quarter. Vertical illumina- 
tion brings out a Binguhiv cloud of white streaks related 
to it as a centre* It is then very brilliant, and the 
ring sometimes resembles a string of pearls* Beer and 
Mildler once counted more than fifty specks.’ It is 
manifestly the crest of a large raised region. 

Schmidt’s map of Bullialdus and (he neighbourhood 
(Plate I.) also well illustrates the nature of the lunar 
crateviform mountains of various dimensions. But yet 
further insight into the characteristics of the more 
disturbed and uneven portions of the moon’s surface 
will be obtained from the study of Plato III., which 
represents a very rough and volcanic portion of the 
moon’s surface, as modelled from telc8co])io observa- 
tions by Mr* Nasmyth. The engraving was taken 
from a photograph of the original model, furnished to 
Sir J. liorschel by Mr* Nasmyth ; and I am indebted 
to Messrs, Longmans for permission to use this admir- 
able engraving in the present work. 

^ A Buccossiou of eruptions may. be constantly 
traced,’ Mr, Webb remarks, Mn the repeated on- 
croaohment of rings on each other, where, as Schmidt 
says, the ejected inatorialH Kcem to have been disturbed 



170 


aiUDY OF THE moon’s sohface. 


before they liiul tirno to harden, and the largest are 
thus pointed out as tluj oldest erattirs, and tlie gradual 
decay of the explosive foree, like that of ituuiy terres- 
trial volcanoes, bocoiuea unqneslionahlo. Tlic peculiar 
wliitoness of the smaller craters may indicate sonie- 
thing analogous to tho dilTerenco hetweeii the earlicir 
and later lavas of the earth, or to tho decomposition 
caused, as at Tenerifl’o, by acid vapours in the grey 
levels. Wo thus perhaps obtain an indication of tho 
Buporficial character of their colouring.’ 

The lunar valleys include fonnaliims as rotnarkiible 
ns the long banks described above, — vis. tins clef In, or 
rillea, farrows extending with perfect straightness for 
long distances, and changing in (lireelittu (if at all) 
suddenly, thereafter conLiniung Uioir conrso in a 
straight line. Tlnsso were lirst notiecd by Sehriitor, 
and a few woro discovered liy (Irnilhniscn and Ijohr- 
mnnn ; hut Beer and Mmllerad(l(;d grtsitly to the known 
number, which was raised by tlunr labours to L'iO. 
Schmidt has discovered nearly 300 inori*. hir. Webb 
makes tho following remarks on tho rilles i— ‘ TImso 
most singular furrows pass chiolly through lovels, in- 
tersect craters (proving a more reeeub date), reappear 
beyond obstructing raoiintidns, ns though carried 
through by a tunnel, and commence and torminato 
with little referonco to any eonspicuous feature of the 
neighbourhood. Tho idea of artificial formation is 
negatived by their magnitudo (Schmidt gives tliein 
18 to 92 miles long, ^ to miles broad) ! they have 
been more probably referred to cracks in a shrinking 
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surfacD. The observations of Kunowsky, confirmed 
by Madler at Dorpat, seem in some instances to point 
to a less intolligiblo origin in rows of minute con- 
tiguous craters ; but a more rigorous scrutiny with the 
highest optical aid is yet required.’ 

A feature which is well seen in the illustrative 
photographs is the existence of radiating streaks from 
certain craters. The most remarkable system of rays 
is that which has the great crater Tycho as its centre. 
This system can bo recognised over a very largo pro- 
portion of the visible hemisphere^ and doubtless extends 
on the south (that is, the uppermost part of the picture) 
far upon the unseen hemisphere. The photograph of 
the moon in her third quarter exhibits the radiating 
bright streaks from Copernicus, Kepler, and Aristarchus ; 
and other less striking systems can be recognised in 
the two views of the moon. The telescope shows otliers, 

< In some cases,’ Webb remarks, ^ the streaks proceed 
from a circular groy border surrounding the crater j in 
others they cross irregularly at its centre. They pass 
alike over mountain and valley, and even through the 
rings and cavities of craters, and seem to defy all 
scrutiny,’ Nichol makes the following suggestive 
comments on this peculiarity, though in quoting his 
remarks I would not be understood to imply assent to 
them in all respects : — ^ They consist of broad brilliant 
bands (seen in their proper splendour only when the 
moon is full) issuing from all sides of tlie crater, and 
stretching to various distances from their origin, ^ — one 
of them can bo traced along a reach of 1,700 miles, 
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There are several defining characteristics of these 
bands, Fivsiy It is only when tlio moon is full 
that we see them in their oniire clearness. Tlioy may 
be traced, although very faintly, when the moon is not 
full; their splendour at full moon is very great, 
This cannot wholly bo attributed to the effect of 
direct instead of oblique light, because at the edge^s 
of tlio moon’s apparent disc, on which the solar ray 
falls very obliquely at full moon, their brilliancy is 
the same. No rational oxphumlion whatever has 
been proposed regarding this remarkable peculiarity. 
Secondly^ The light thrown towanls us by tlm rays 
from Tycho is of the same kind as tluat reflected from 
the edge and centre of the crater itself; so that the 
matter of which they are composed had probably tlio 
same origin as those other portions of Tycho. Thivdlyy 
These rays pass onward in thorough disregard of the 
general contour of the moon’s surface \ nowhere being 
turned from their predetermined course by valley, 
crater, or mountain ridge, Now, this critical fact 
quite discredits the hypothesis that they are akin to 
lava, or that they are merely superficial, A stream 
of lava spreads out on meeting a valley or low-land, 
^nd forms a lake ; nor can it over overpass a mountain 
barrier. The question remains then, are these rays 
composed of matter that has been shot up from the 
mtenov of the moon? It may seem incvediblo that 
we can solve this problem by virtually digging pits 
of vast depth down through those singular bands, and 
thus ascertaining practically that the matter composing 
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tliem certainly descends towards the interior of oiu 
satellite, and that in all probability it lias been forced 
up from that interior. The telescope, which in this 
i-iistancG is our lahouvcVy has discovered nnmeious 
Biiifdl craters of varying depth in the midst of many 
of the rays, and it reveals tlie fact, that these small 
craters, however deep, do not penetrate through tho 
matter we are examining, inasmuch as there comes 
from tlieir bases always the same kind of light tliut 
characterises the ray. There is one remarkablii ciih<i 
in point, A large crater natneil Saussure, not far 
from Tycho, lies directly in the lino of a ray, and of 
course appears to interrupt it 5 but at the bottom of 
Saiissure, notwithstanding tho great depth of that 
crater, the ray from Tycho may be traced, Nay, there 
is reason to believe that in favourable circuinstancc^s 
the same ray might be seen vising up the sitUd of 
Saussure, just as a vein of trap or of volcanic rock 
pierces the sedimentary strata upon earth, Whal, 
then, can we make of such phenomena? Are not ouv 
terrestrial trap dykes or veins their fitting similitudes ? 
Piercing the other rocks, as if shot np from below 
these singular veins juiss onward across valley and over 
mountain j their direcliou thidv owu — ind<^p<mdenl; 
for the most part of tho rocks they have cut; they 
nppear, too, in systems^ some limited in magnitudo 
nnd evidently radiating from a known source 5 others 
of vast extent, and usually considered parallel, but 
probably owing their apparent parallelism to the fact 
tlmt wo trace them only through a brief portion of 
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tbeir course. Accept this analogy, — and none other 
appears within reach,— and the rays or bright lines of 
the moon assume an import quite unexpected, — they 
become indices to those auccesaive dialocaiions that con^ 
sl it ale epochs in the progress of oxtr satellite,^ 

Elsewhere Niehol shows in what sense he uses these 
words: where any system of radiations is intersected 
by another, it is manifest that the curlier forrnatiou 
will have its radiations broken at the places of in- 
tersection* Thus Niehol assigns as the result of tho 
telescopic scrutiny of the radiations from Copernicus, 
Aristarchus, and Kepler, that the three systems wore 
formed in the order in which (hey arc here named, 
He also assigns to tho radiations from Tycho (mani- 
festly with good reason) a great antiquity* ‘ Another 
indication,’ he proceeds, * furnished by tho rays 
demands notice, lieflect on the course, as to con^ 
iinuous visibiliiy^ of any stream of lava or any trap 
dyke upon the surface of the earth. No lava cuiTcnt 
from Etna could be traced to any great distance by 
a spectator in the moon, however powerful his tele- 
scope ; and it would be the same with regard to those 
lines or dykes of trap, even supposing them endowed 
with an excessive power to reflect light* The reason 
is that they soon enter forest regions, and are con- 
cealed there, or become overspread by grass or other 
vegetable carpetings. But not even a lichen stains 
the brightness of the bands issuing from Tycho ; they 
preserve, not their visibility merely, but one invariublo 
brightness through their entire courses, Tlio in- 
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ference is but too clear ; and we are glad to find a 
refuge from it, in the certainty that arrangements 
must be diCferent on the other side of our satellite. 
The existence of a rocky desert, devoid of life or living 
thing, of the extent of even one lunar hemisphere, is 
startling enough.’ 

Nasmyth is of opinion that the radiations ‘are 
cracks divergent from a central region of explosion, 
and filled up with molten matter from beneath.’ But 
Webb objects that this theory is irreconcilable with 
the fact that the radiations seldom, if ever, cause any 
deviation in the superficial level. ‘ Trap dykes on the 
earth are indeed apt to assume the form of the surface, 
but the chances against so general and exact a restora- 
tion of level all along such multiplied and most irregular 
lines of explosion, would be incalculable j many of the 
rays are also far too long and broad for this supposition, 
or for that of Beer and Miidler, that they may be stains 
arising from highly heated subterranean vapour on its 
way to the point of its escape.’ It appears to me im- 
possible to refer these phenomena to any general cause 
but the reaction of the moon’s interior overcoming the 
tension of the crust ; and to this degree Nasmyth’s 
theory seems correct 5 but it appears manifest also, 
that the crust cannot have been fractured in the ordi- 
nary sense of the word. Since, however, it results from 
hlallet’a investigations that the tension of the crust is 
called into play in the earlier stages of contraction, and 
if A power to resist pressure in the later stages, — in other 
words, since the cruet at first contracts faster than the 
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inicleiig, and afterwards not so fast as tlic nucleus, —wo 
may nssuino tl^at tlio radiating* systems wor(5 formed iu 
so early an era that the crust was plastic. And it seems 
reasonable to coneludo that the outflowing matter 
would retain its liquid condition long enough (tlic crust 
itself being intensely hot) to sproiid wudely, a circum-' 
stance which would account at once ft)r the In-eadth of 
many of the rays, and fen* tho restoration of hivcl to 
such a degree that no sliadowa arc thrown. It n])p(^arvH 
probable also, that not only (wliieh is inaiiiresl) wert^ 
those craters formed later wdiidi are seen around and 
upon the radiations, but that tho central crater itself 
acquired its actual form long after the epoch when Iluj 
rays were formed. In the cha2)ter on the inooids ])hy- 
sical condition, considerations will bo dealt with which 
bear upon this point. At the moment I noc^d only 
remind the reader that the processes of cooling must 
have proceeded much more rapidly in the inooids oasn 
than -in tho earth’s, and that this cirenmstaiUMi starves 
to account for phenomena indicative of a wuhdy (‘x- 
tended bursting of the lunar crust, I am disposiMl 
to believe, moreover, that alihonoh tlu^ radiating 
systems are manifestly not contemporaneous, they w^‘ia 
all formed during a i^eriod of no great duvatiou— ikjh- 
sibly, indeed, not lasting for more than a few years, if 
so long. 

The following peculiarities of arrangemont men- 
tioned by Mr. Webb should bo carefully noted in 
connection with the considerations dealt with in 
Chapter VI, < The remarkable tendency to circular 
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forms, evpn where explosive action seems not to liiivt5 
been concerned, as in the bays of the so-called seas, m 
very obvious ; and so are the horizontal lines of coin- 
mimication. The gigantic craters, or walled plains, 
often aS'ect a meridional arrangement: three huge vows 
of this kind are very conspicuous near the uentre, and the 
east and west limbs. A tendency to parallel direction has 
often a curious influence on the position of smaller 
objects : in many regions those chieily point to the same 
quarter, usually north and south, or north-east and 
south-west ; thus in one vicinity (l)ct\v<!cn tl, I and 1\1 i n 
tho map of the moon), llccr and Mihllcr speak of tliiily 
objects following a parallel arrangement for ono turned 
any other way ; even smidl craters entangled in such 
general pressures (as round L) have been squeezed iiil o 
an oval form, and the circct is like that of an oblique 
strain upon the pattern of a loosely woven fabric i iin in- 
stance (near 27, 28 on the map) of douhlo pandleliHin, 
iike that of a not, is mentioned, with crossing lines from 
south-south-west and south-east. Local repetitions fre- 
quently occur; one region (between 290 and 2!)2) is 
characterised by exaggerated ecmtval hills of eruUu's ; 
another (A) is without them; in another (18.'5) tlio 
walls themselves fail. Jneompleto rings are nincli inoro 
common towards the north than (ho south polo ; tho 
defect is usually in tho north, seldom in tlio west park 
of the circle; sometimes a cluster of craters lire all 
breaciied on tbe same side (near 23, ;12). Two Himilai’ 
craters often lie north and south of eaeli other, luid 
near them is frequently a corrcspoiiding duplicnto, 
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Two large cratera occasionally lie nortli and sontli, of 
greatly resembling diameter — the aoutliern usually 
three-fourths of the northern in size — from 18 to iiO 
miles apart, and connected by ridges pointing in a 
south-west direction (20, 19; 78, 77; 83, HI; 102, 
103; 208,207,204; 239,242; 201, 200; 200, 203 j 
340, 34o), Several of these arrangements are tlio 
more remarkable as wo know of iiolliing siniilur on 
the earth/ 

Hut, interesting as these observations may be, it 
has not been for such discoveries as these that astrono- 
mers have examined the lunar siu’fiico. The examina- 
tion of mere peculiarities of physical condition is, after 
all, but barren labour, if it lead to no discovery of 
physical condition. The principal eliarra of astronomy, 
as indeed of all observational science, lies in tins study 
of change,— of progress, development, and decay, and 
specially of systematic variations talcing place in regu- 
larly recurring cycles. The rings of Saturn, for instanee, 
have been regarded with a new interest, since tho 
younger Struve first started tho theory of their grndunl 
change of figure. The snowy poles of Mars, in lilco 
manner, have been examined with much more attention 
and interest by modern astronoinora than they were 
by Cassini or Mnraldi, precisely bocunso they are now 
recognised as snow-oovered regions, increasing in tho 
Martial winter and diminishing in the Martial summer, 
In this relation the moon has been a most disappointing 
object of astronomical observation, For two centuries 
and a half, her face has been scanned with tho closeat 
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possible Bcraiiny : lier features liavo been portrayed in 
elaborate maps ; many nn astronomer has given a Iavg(^ 
portion of his life to the work of examining cratcirs, 
plains, mountains, and valleys for the signs of ehang(> ; 
but hitherto no certain evidence — or rather no evidences 
save of the most doubtful character — has been afforded 
that the moon is other than ^ a dead and useless waste 
of extinct volcanoes** 

Early telescopic observations of tho moon were coin 
ducted with the confident expectation that the moon 
would be found to bo an inhabited world, and that 
much would soon bo learned of the appearance ami 
manners of tlio Lunarians, With eacli increase of 
telescopic power a new examination was conducted, and 
it was only when the elder IIerschel*8 groat roileetor 
bad been applied in vain to the search, that men began 
to look on the examination as nearly liopeless, llerschol 
himself, who was too well acquainted, however, with 
the real difficulties of tho question to shave tho ImpiJS 
of the inexperienced, Avas strongly of opinion that tlm 
moon is inhabited, After describing tlio relations, 
XAbysical and scasonjil, prevailing on the lunar surfa( 3 (), 
he adds, ‘ there only seems wanting, in order to complete 
the analogy, that it should bo inluihited like tho earth,* 

When Sir John Ilcrschel conveyed a powerful re- 
flector to Cape Town, tho liope Avas renewed that somis 
thing might yet bo learned of tho lunar inhabitants, 
through observations conduoted in tbe pure skies of tho 
southern homisphero. So confidmitly Avas this hope 
entertained and expressed, that the opportunity stanned 

0 
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a good one to aotne Aineriean wits to play off a hoax 
on those ^Yllo wore aiixioualy awaiting tho ri^fiulfc of Sir 
John’s observations. Accordingly an ( 5 laborni.o a(?count 
was prepared of a series of disco veriott r(?Hp(Jcting tho 
appearance and behaviour of certain strangi^ and nc^t 
very wcll-condvictod cr(?aturoa inhabiling tlio moon, 
(See my ^ Myths and Marvels of Astronomy.’) Thii 
readiness with which the story was believed hIiow^mI ]io\v 
prevalent was the opinion that the moon is inbabiUuh 

Lord Rosse’s giant reflector has betm applied, as wo 
have said, to the examination of the moon’s surface, 
without any results diflVring in character from Hum 
already obtained. 

The considerations discussed at p. 160 are suflicifuifc 
to show that it is not only hopoless to look on tho 
moon’s surface for the presence of living creatures, hut 
even to look for constructions ciTsctcd by sueh suppe^Hod 
inhabitants of tho moon, unless those works wero i’nr 
greater than the largest yet constructed by man. Lavgi^ 
cities, indeed, might bo visible, but not separate odiliees ; 
nor could variations in tho dimensions of cities boouHily 
detected. It has been argued, indeed, that since gravi- 
tation, which gives weight to living creatures as w(?U its 
to the objects around them, is so much loss at tbc\ 
moon’s surface than at the earth’s, lunar inhabit an 
might, without being cumbrous or unwieldy, l)o wry 
much larger than the races subsisting on our (aiith ; 
they might also easily erect buildings far exijceding in 
magnitude the noblest works of man. Nor is the argu-* 
mont wholly fanciful. A man of average Btrcngtli and 
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agility placed on the lunar surface (and supposed to 
px’cserve hie usual powers under the somewhat incon- 
venient circumstances in which he would there find 
himself) could easily sxu'ing four or live times his own 
height, and could lift with ease a mass which, on the 
earth, would weigh half a ton* Thus it would not only 
possible for a race of Lunarians, equal in strength to 
terrestrial races, to erect buildings much larger than 
those erected by man, but it would bo UGce^BdTy to the 
stability of lunar dwellings that they should bo built on 
a massive and stupendous scale* Further, it would Ixi 
convenient that the Lunarians, by increased climensionH 
and more solid proportions, should lose a portion of tlie 
superabundant agility above indicated* Thus wo have 
at once the necessity and the power for the erection of 
edifices far exceeding those erected by man* 

But having thus shown that lunar structures might 
very possibly be of such vast dimensions as to become 
visible in our largest telescopes, it remains only to 
add, that no object that could, with the slightest ap- 
pearance of inobability, be ascribed to the labours of 
intelligent creatures, 1 ms over been detected on the 
moon’s surface* 

Failing the discovery of living creat ures, or of tlieir 
works, it was hoped that at least the telescopo might 
reveal the progress of natural j)roces808 taking place 
on a Bufliciently important scale, There can hardly bo 
a doubt that our earth, examined from the moon’s dis- 
tance, would exhibit (in telescopes of considerable 
power) a variety of interesting changes, It would bo 
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oilsy to tniGO the slow alternate incrcaso and diminut ion 
of the polar snow-caps. The vast llanns, savannah 
and prairioa would exhibit with the ehangin|/ soasnim 
very easily distinguishable changes of colour j tlie 0 (a!a- 
sional covoi'irig of large districts by Iieuvy snowfalU 
would also bo a readily recognisable plunioinenon, 

Now the moon’s surface oxhi))its distiixdly marked 
varieties of colour. We see r(3gions of tlui purest white 
—regions which one would be apt to speak of us wimw- 
covered^ if one could coucoive the i)ossibility that siu>w 
should have fallen where (now, at least) there is neither 
air nor water. Then there arc tlu3 so-calhul siais, grny 
or neutral-tinted regions, differing from tlu^ huumuMiot 
merely in colour and iu tone, but in tlie pliotogra[»hhi 
quality of the light they redeeb towards dhe ourib. 
Some of the seas exhibit a grciniish tint, as the 8ea of 
Serenity and the Sea of ITumours. Whore tlujre is a 
central mountain witliin a circular (lopr<isaion, tho 
surrounding plain is gcmerally of a bluish stcchgroy 
eoloui’, Tho region called the Marsh of Shu^p (ex- 
hibits a pale red tint, a colour soon also lUHvr the Iter- 
cyniun mountains, within a circiiinvullatiou ealh^d 
liichtenburg, 

But although there are varicjbicB, there has mwx 
yet been detected any variation of colour. Nothing 
has been seen which could bo ascribed, with any appear- 
ance of probability, to. tho effects of scusonal ohang<\ 

Failing evidence of the existence of living orcaturijs, 
or of i^rocesses of vegetation, there only remains oiio 
form of variation to be looked forj I refer to cluingei^ 
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Mich asj on oiu* own earth, are produced hy volcanic 
eruptions or by earthquakes. 

It is evident, in the first place, that the inquiry 
must be one of extreme delicacy. Indeed, if the vol- 
canic changes taking place on the moon were no greater 
tlian those observed on our own earth, it would be 
almost hopeless to seek for traces of their occurrence. 
The light proceeding from a burning mountain could 
never be detected at the moon^s distance. It would 
also be extremely difficult to detect such small new 
craters as have been formed on our earth. It is the 
overspreading of extensive tracts with the materials 
ejected from volcanoes that would form the most readily 
detected feature of change. There have been instances 
in which, for many miles around a volcano, the country 
has been covered with ashes, and there can be little 
doubt that the change of appearance thus produced 
might be detected even at the moon’s distance. There 
liave also been cases in which, during an earthquake, 
the features of an extensive region have been entirely 
altered. Instances such as these, however, are so few 
and far between, that if we supposed tlie moon’s surface 
correspondingly altered, the chances would bo great 
against the detection of any change. 

Assuming the probable, or, at least, the possible, 
existence of active volcanoes upon the moon, it remains 
to bo seen how the ox:)eratiou of such volcanoes is to be 
detected from our earth. The colours seen in different 
parts of the moon’s surface are little marked, and grey 
pr neutral-tinted regions are so prevalent that it would 
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bo vejy difficult to note the change of colour produced 
by the downfall, over largo tracts, of matter ejected 
from erupting volcanoes. Differences of elevation pro- 
ditccd by such downfall would afford a much more 
favourable object of examination. 

One of the earliest to record the supposed occurrence 
of volcanic action upon tho moon was the elder Her- 
schel. He observed luminous nppeamnees, which ho 
attributed to tho presence of active volcanoes on the 
dark part of tho moon’s disc. Tho cause of these 
(which had boon noticed also, but less satisfactorily, by 
Dianchini and Short) has now been shown to bo tho 
greater brilliancy of the light rellected under particular 
circurastancos from our own earth upon tho moon. 

Prof. Shalcr, of Harvard College, gives tho following 
interesting evidence respecting tho degree of illumiinv- 
tion of tho ‘old moon in tho now moon’s arms’: — 

‘ With tho 16 -inch Mors of tho observatory of this uni- 
vorsity it is possible, under favourablo conditions, to 
800 all tho principal features of tho topography on tho 
dark region illuminated only by this earth-shine. In 
tho course of some years of study upon tho geology, if 
wo may so call it, of tho moon, I have had several 
opportunities of seeing under these conditions all the 
great features of tho dark surface shine out with 
amassing distinctness. Tho curious point, however, is 
that tho oyo is not enabled to recognise tho oraters by 
lightand shade, for tho light is too feeble for that, besides 
being too vortical for such a result; but tho relief is 
solely duo to tho difference in tho light-rellecting 
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power of the various feat ures of the topography. What- 
ever becoines very brilliant under the vertical illumina- 
tion of the full moon (the edges and floors of many 
craters, certain isolated hills, and the radiating bauds 
of light) shines out with a singular distinctness when 
lit by our earth’s light. This is important, inasmuch 
as it shows pretty conclusively that the difference in 
the brightness of various parts of the surface of the 
moon is not due to the effects of the heating of the 
surface during the long lunar day, but is dependent 
upon difference in the light-reflecting power. There 
are several degrees of brightness observable in the 
different objects which shine out by the earth-light. 
In this climate there are not over three or four nights 
in the year when the moon can bo caught in favourable 
conditions for this observation. The moon should not 
be over twenty-four hours old (the newer the better), 
and the region near the horizon should be reason- 
ably clear. Under these conditions I have twice 
been able to recognise nearly all the craters on the 
dark part over 16 miles in diameter, and probably 
one-half the bands, which show with a power of 100 
when the moon is full. That this partial illumination 
of the dark part of the moon is in no way connected 
with the action of nn atmosphere, is clearly shown by 
the fact that the light is evenly distributed over the 
whole surface, and does not diminish as we go away 
from the part which is lit by direct sunlight, as it should 
do if nn atmosphere were in question. It will bo noticed 
that this fact probably explains the greater part of the 
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perplexing statements concerning the illumination of 
certain craters before the terminator came to them. It 
certainly accounts for the volcanic activity which has 
so often been supposed to be manifested by Aristarchus. 
Under the illumination of the earth-light this is by far 
the brightest object on the dark part of the moon^s 
face, and is visible much longer and with poorer glasses 
than any other object there/ 

Schroter, who devoted a largo part of his time to 
the study of the moon, imagined that ho had detected 
signs of change, which, singularly enough, he seems to 
have been disposed to attribute rather to changes in a 
lunar atmosphere of small extent than to volcanic action. 
He was not able to assert positively, however, that ap- 
preciable changes had taken place. One observation of 
his, however, deserves special notice, as will presently 
appear. In November, 1788, he noted that the place 
of the crater Linnasus, in the Sea of Serenity, was occu- 
pied by a dark spot, instead of appearing, as usual, 
somewhat brighter than the neighbouring regions. 
Assuming that he made no mistake, wo have evidence 
here of activity in this particular crater. 

Since the time of Schroter, other observers have 
been led to suspect the occurrence of change. Mr, 
Webb pointed out in 1866 eight noteworthy instances* 
Several of these seem easily explained by the well- 
known effects of difference in telescopic powers, obser- 
vational skill, keenness of vision, and the like ; but there 
are one or two which seem to deserve a closer scrutiny :~ 
On February 8, 1862, the south-south-west slope of 



STUDY OF THE M00N*3 SURFACE* 103 

CopRrniciia was seen to bo studded with a number of 
minute craters not seen in Beer and Madler’s map* 
Those seemed to form a continuation of a region crowded 
with craters between Copernicus and Eratosthenes. 
And it is singular that this last-named region exhibits 
a honeycombed appearance, which would seem not to 
have existed in Schrdter’s time, since it is not recorded 
in his maps, and could hardly have escaped his persever- 
ing scrutiny. ' 

Another instance of supposed change is well worthy 
of attention, as showing the difficulty of the whole 
subject. There is a ring-mountain, called Mersenius, 
which has attracted the close attention of lunar ob- 
servers, in consequence of its convex interior — a very 
uncommon feature. This bubble-like convexity is 
roproRcntcd by Schrotor, and also by Beer and Madler, 
as perfectly smooth. Not only is this the case, but we 
have distinct evidence that Beer and Madler paid paiv 
ticular attention to this spot. Now, in 1B36, only a 
year or two after the publication of Beer and Madler’s 
map, Mr. Webb detected a minute crater on the summit 
of the convexity within Mevsenius 5 he also saw several 
’delicate markings, resoinbling long irregular ravines, 

* formed by the dropping-in of part of an inflated and 
hollow crust.* Hero one would feel satisfied that a 
change had taken place, were it not that in Lohrmann’s 
map a minute crater had already been inserted on the 
convexity in question, while from the dates (1822 and 
1830) between which Lohrmann constructed his map, 
the probability is that the crater had been observed by 
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him at or before the time when Beer and Madler 
to detect its existence. 

I have already referred to Schrotcr’a observatio^^^ 
of the crater Linnd on the Sea of Sei*enity. 

Sehroter had been deceived or not, when he 
that a dark spot hid the place of this crater in 17HH, 
it is certain that during the last half-century the erni 
had been distinctly visible. When the sun is 
upon Linn6, it appears as a small bright spot, bub 
when the spot is near the terminator, the crater lufcH 
been recognisable through the api^earanco of a slnulo w 
within and without its wall. Now, in October, IHOfSj 
Schmidt observed that the crater Linnd had 
peared. When the spot was close to the terminator 
shadow could be seen, as usual, either wdthiuov 
the crater. In November he again looked in vain foi 
Linnet 

It is to be noted that the crater is no insigniruMiiU 
formation, bub fully five and a half miles wide, iiiitl 
very deep. It is, in fact, one of the largest crat.ort 
wit bin the Sea of Serenity ; (II iii Webb’s map, whore 
Linn 6 is numbered 74). 

The crater is represented in Eiccioli’s map (|>nl>- 
lished in 1653). We have seen, also, that in 17Ht 
Sehroter recorded the appearance of a dark nput 
instead of a crater, in Linnd’s place. Lohrirmnii, ii 
1823, observed Linu6 to be one of the brightest i 

on the whole surface of the moon. His map bUowi 
L inn4 as a distinct crater, and ho describes it as riiori 
than one (German) mile in diameter, very deep, mi i t 
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visible in every illumination. In Boer and Miidler’i 
map tho crater is also distinctly noted ; they measuvcf 
its position no less than seven times 5 and they doscribi 
it as very deep and very bright, In pliotographs Iv 
Dg la Hue and Rutherfurd, Linnd appears as a ver 
bright spot j but singularly enough^ we have also plio 
tographs taken during the month in which Schmid 
looked in vain for tho crater, and in these photograph 
(taken by Mr. Buckingham, of Walworth) Linn6, thougl 
discernible as a light spot, has poarcely one-third of th 
brilliancy observed in Do la Rue’s and Rutherfurd’ 
photograj)h8, taken between the years 1858 and 18G5 
Mr. Webb, one of our most careful observeri 
examined the Mare Serenitatis on December 13, 18C( 
for confirmation or disproof of Schmidt’s views. Tb 
following is extracted from his notes of this observi 
tionj—‘ About one-third of the way from a marke 
high mountain on tho northern shore of tho Sea < 
Serenity, is a minute darkish-looking crater. This 
presume to be Linno, as J ccmtraGcno c^^ater cmyioh& 
else. At some little distance south-east^ there is a 
ill-defined whiiishnesa on the floor of the aea,^ Wlu 
Mr. Wobb tested the results of his observations 1 
means of a lunar map, ho found that tho first-nann 
crater was not Linnd, and that the Mll-dofincd whitis 
ness ’ occirpied the exact spot on which Linn(5 is d 
picted. Subsequent observations fully confirmed t. 
existence of this spot, which, singularly enough, 
found, on careful measurement, to bo twico us largo 
tho crater whose i^lace it conceals. 



19G STUDY OF THE MOONVS flUFFACE, 

Mawy other observers who carofnlly Gxainincd 
agreed in confirming the rcaulls of Schmidt’s obs(n*- 
ration. One of the most satisfactory obHerviitions of 
Linne was effected by Father Socchi at Koine# On 
the evening of February 10, 1807, ho wididiotl Iann6 
ns it entered into the sun’s light, and on tlio lUli 1h‘. 
renewed his observations. In place of the largo orat<'r 
figured in lunar maps, he could just detect, with tluj 
powerful instrumental moans at his command, a very 
small crater, smaller even than those crutcu’s wliicli 
have received no names* ^ There is no doubt/ ho 
said, Hhat a change has occurred,^ Schmidt, it may 
be mentioned, indei)endently detected the small oral(?r 
described by Secchi, 

The evidence thus far was ns follows : — Wherrj 
there used to be a ring-mountain Burroimding a (hM^ii 
crater— so that, under suitable illuminations, tho 
shadow of the mountain could ho socm within and 
without tho crater — no shadow could bo traced j a 
space, considerably larger than that originally sur- 
rounded by tho ring-mountain, appeared soinewluil 
brighter than the neighbouring parts of tho Sea eff 
feertnity ; in very powerful telosGopcs a minute black 
spot could bo seen in place of tho original wido and 
deep crater# It seemed clear, then, first, that tliero 
had not been a mere eruption of ashes filling up tlio 
crater, because then we should still see the shadow of 
the ring-moxintaiu# Nor could the wholo region have 
sunk, because then a large shadow would appear when 
the spot was near the terminator# Tho ring-mouniniii 
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Imd not been destroyed, because its fragments and 
their shadows would remain visible. The only ex- 
’ planation available, therefore, appeared to be this, — 
tbat a mass of matter had been poured into the crater 
from below, and had overflowed the barrier formed by 
the ring-mountain, so as to cover the steep outer sides 
of the ring. Instead, therefore, of an outer declivity 
which could throw a shadow, there appeared to be an 
inclination sloping so gradually that no shadow could 
be detected, the whole surface thus covered with 
erupted matter shining with the same sort of light, so 
that a spot was seen somewhat lighter than the Sea of 
Serenity, and larger than the original crater. 

Nob only did the above explanation account for 
all the observed appearances, but it corresponded to 
phenomena of eruption presented on our own earth, 
Mud volcanoes (or Sal8m\ as distinguished from vol- 
canoes proper, present a very close analogy to the 
process of change just described, ^Mud volcanoes,’ 
says Humboldt, ‘continue in a state of repose for 
eontuviesi When they burst forth, they are accom- 
j)aiued by earthquakes, subterranean thunder, the 
elevation of a whole district, and (for a short time) by 
the eruption of lofty flames. After the first forcible 
outburst, mud volcanoes present to us the picture of 
an incessant but feeble activity.’ 

Yet subsequent observations have not confirmed the 
interpretation thus placed on the apparent changes 
in ]nun6. It has been shown by several observers, 
and notably by Mr, Browning in 1S67, that Linne 
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c‘!uvng09 r(^tniirkal)ly in asprc!!, Ui a vorv alniri HpiuMi nf 
time, uniUn* (?luin;(infjf illnininuiinn ; mnl flu* in** 

foiviua^ woulil Htirnn (o kn, llnil- ll»n mippithtal 
luvvn iHuni nuarly npliniK iMniiy niafrrvi'iH ul 
ri(nKM^H(ill irJain IhcopiiiiMn, lunvrvrr, Ihal- (lirin )uis 
hiivn II ival nlian/(<^ in fliiit n^^jiniu 

In (Jliaplin* VI. ivaKouH arn an.^op lor lii lirviuir 
Dial, nwiuK in tlin v\mn\r^ nf tMrnpr rafmt^ nf (Im 
)nnon*rt auvraia^j iiH thn lunar tlay u\u\ inn'" 

ouch o[.h(;r, f^railnal pnaM'MHra of rliinifp' iuuhI hiUo 
phuK^ in iUn Hurliu'i^ ronlour. 

Tlio liiHiory of (In* iiiqniiii'M wliirli havo limn 
inudouH lo Mio nHunl hralinif of llir nionu’H HUrfam 
(luring (In? liiimr day in full ol intoK^Kt, lull, in IliiM pliicu 
1 mUHi- h(i uonftuil ^vith a lniid' an tuinl of thn inalti r, 
Tluu’ii urn ( wo waya in wliicli (lio nioima huitiu'i^ 
HundH ouii liuidi towards (luM»arlli. a )HUliou i‘f 

tli(> HUida lumli nutalf luroMHurily lu* rcllrrlrd lUcriNidy 
UK (:bo Hun^H ligliti in ndluclud. Hut (lin iuoou*h aiu fm o 
inuHt alao hi) lii'iiiud l»y tin? mu\\ luya, and IImh hraf. 
iHvadiaiiul into apacas Tima alp and m ar (ho lima of 
full moon, tlm inooidH Hnvfiu’o in ndlraling Hun-hra( 
towardw uh, and il; in alao giving out, (ho hoai whu h 
it luiH ilHidf lutqninul nndur llin huii’h raya. Now llm 
(UsUindJon htjiwi'un (plmHo two forma of Imat ia viTi^g- 
niHiibln by iiiHininuodal inoauMi, Tlui Trlb'(‘(*'d ImmI in 
of tlm BaiiKi qnulily an dina'.i. aolar Imal, anil aivovd- 
ingly pawHOH iM^adily, Hko huii-IumiI, tliroogli rd^Horbing 
modia, au(di aa glana^ tnoini- air, and ollmru, whioli liavo 
tho power of provoniing (ho puKHagu of boat wjiich in 
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merely radiated from bodies not so far heated as to 
bceomo highly luminous.' We see this illustrated 
in our greenhouses. The sun’s heat passes freely 
through the glass (at least only a small proportion is 
prevented from passing), but the warmed interior of 
the greenhouse does not part thus freely with its heat, 
tho glass preventing the heat from passing a^Yay, 
Accordingly, when evening comes on, the interior of 
tho greenhouse becomes considerably warmer than the 
surrounding air. In like manner, the heat reflected 
by the moon will pass freely through glass, while the 
lu!at which she radiates will not so pass j and in this 
circumstance we recognise the means of comparing the 
quantity of heat which the moon reflects and radiates, 
and thus of determining the degree to which the 
moon’s suiTace is actually heated at any given time. 

Tho first inquiries made into this subject did not, 
however, deal with relations so delicate as these. 

‘ Probably,’ says the anonymous writer of a fine essay 
on tho subject in ^ Fraser’s Magazine ’ for January, 1870, 
Ulio old observers had exaggerated notions, of the 
moon’s warmth and thought they could measure it by 
an ordinary thermometer. This was the tool employed 

' Wo may Bta‘ o tlio matter lima ; tho shorter heat-waves pnsE 
through tho media in question, the longer heat-waves are absorhecl, 
From roseavohcB by Dr. Draper, It may bo inferred that heat is 
produced, not moroly or chiofly by waves from tho red end and 
beyond tho rod end of tiio speotnun, but by waves from all parts of 
the visible Bpootrnm and from beyond both ends of the spectrum. 
Ilia roflciu'ohos, ns also those of 13orby of Shoffiold, demonstrate also 
that chemical action is produced by mthor-waves of all orders bf 
length. 
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by one Tscbirnausen, who condensed the moon-light 
by means of burning glasses, in hope of getting men- 
surable warmth, somewhere about the year 169J. U 
course he got nothing. The famous La Hire followed 
suit some half a cloisen years after, using a three-foot 
burning mirror and the most delicate thermometer 
then known ; he, too, could obtain no indication, tliouglx 
his mirror condensed the light, and any heat with it, 
some 300 times 5 that is to say, the quantity of light 
falling upon the reflector was concentrated upon a spot 
one-three-hundredth of its area. After these failures, 
a century elapsed, and then Howard, and subsequently 
Prevost, attempted to gain direct evidence of lunar 
caloric, but since they had only expansion thermo- 
meters at their command, their results were valueless 5 
for one, from some accidental circumstance, brouglit 
out a temperature obviously too high, while the other 
found negative heat I ’ 

The much more effective heat-measuring instrument 
called the thermopile, was first brought into action by 
Melloni. Space does not permit me to describe hero 
at length the nature of this instrument, for a full do- 
Bcription of which I would refer the render to Prof. 
Tyndall’s ‘ Heat considered as a Mode of Motion.’ 
SuflSce it to say that the heat to bo measured is 
suffered to fall on the place of junction of plates of 
bismuth and antimony, and that the electric ourrent 
thus established is measured by the movement of u 
delicately poised magnetic needle, Melloni * concen- 
trated the lunar rays \ (says the account from which 
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I have already quoted) ‘by means of a inetallio 
mirror, upon the face of his thermopile, in the hope 
of seeing the needle swing in the direction indicating 
heat 5 hut it turned the oiiposite way, proving that 
the anterior and exposed surface of the pile was colder 
than its posterior face. Here was an anomaly. Did 
the moon, then, shed cold ? No, the reverse action 
was due to the frigorific effect of a clear sky : the pile 
cooled more rapidly on one side than on the other, and 
a current was generated by this disturbance of the 
thermal equilibrium j a oiuTent, however, of opposite 
character to that which would have been produced if 
the moon had rendered the exposed face of the pile 
warmer than that which was turned away from the sky, 
Melloni’s experiments were made about the year 1831. 

‘ Two or three years after this the late Professor 
Forbes set about some investigations upon the polarisa- 
tion of heat, which involved the use of a very sensitive 
thennoi)ile, and he was tempted to repeat Melloni’s 
moon-test, with the substitution of a lens for a mirror 
as a condenser. The diameter of thi a lens was 30 inches, 
and its focus about 40 inches ; of course it was of the 
polygonal construction familiar to lighthouse-keepers 
and their visitors, the grinding of a thirty-inch lens of 
continuous surface not having been contemplated in 
those days. Allowing for possible losses from surface- 
reflection or absorption by the glass, it was estimated 
that the lunar light and heat would be concentrated three 
thousand times. Ono fine night in 1834, near the time 
of full moon, the lens and therniopilo were put to tlio 
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test, First the condensed beam of moon-rays '^vns 
allowed to foil upon the pile and then it was screened 
by an interposed board. The exposures and screenings 
were repeated many times 5 but Professor Forbes was 
always disappointed with the effect, for it was nearly 
nil* There was a suspicion of movement in the galvano- 
meter needle, but the amplitude of the awing waa 
microscopic, possibly not greater than a quarter of it 
degree. Assuming that this deflection may have 
resulted, Professor Forbes subsequently proceeded to 
estimate the amount of heat that it represented. By 
exposing his pile and a thermometer to one and tbo 
same source of artificial heat, he was enabled to insti- 
tute a comi)arison between the indientions of each, and 
when he had done this and made all allowances for tbo 
condensing power of his lens, he concluded that tbo 
warming effect of the full moon upon our lower atmo- 
sphere was only eqxial to about tho two hundred 
thousandth part of a centigrade degree 1 

‘ From what has since been learned, it appears strange 
that, with such a condensing power, such an indgni- 
ficant result should have come out i but there was 0110 
point to which Forbes does not appear to have given 
the consideration it demanded. The sky was covered, 
he tells us, with a thin haze. Hero was the secret, no 
doubt, of his comparative failure : this haze entirely 
cut off the little heat the moon had to give. When 
Melloni, using a similar lens, repeated his experiments 
under the pure sky of Naples, he saw his galvanometer 
swerve three or four degrees whenever the moou’« 
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^Tliin In^Al, c'H^ay <»(' ANdlujii’a wnw iiiado in IH-IO, 
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ini; himnoir with a polishofl inolal vmm in front of tlm 
[lih* (o onlloct ami ndh‘o(; tho lunar Inait np(»n ila lm!o, 
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iioodhi iMduvmsI to /,oro, lly ropouliiiff Miis ultoniadou 
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dolled ion nmaiit in tmann of any lorroslrial Konrifo of 
wannihj ami ProhirtHor »Hiny(h found dad; it was 
valoiit io one Hovmdooiilh part of that whioh Ids warm 
hand pnalucod when it waa hold ihroo foot from tho 
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pile, or about twice that of a Price’s catidlo fifteen ^ ^ 
distant. He left as an aftenvork the conversion ^ ^ 

warmth into its equivalent on a known acalo, 
translation was quite recently made in Traiua^ ^ 
M. Marie-Davy, and the result showed that the 
heat experienced upon the mountain-top amouutei^ ^ ^ » 
750 millionths of a centigrade degree* 

< We come now to touch upon the recent more 
elusive experiments of the Earl of Eoase. Wh(!it 
look back upon the old trials, it is easy to sco that ^ 
instruments emi)loyed, sensitive as they were, were y 
not sufficiently so for the purpose. It seems tlmt ^ 
want of delicacy was not in the thermopiles that 
verted the heat into weak electric currents, but in ^ 
galvanometers by which the weak currents were ■ t 


to be measured. Now these were formed of 
magnetic needles, poised upon points or turning 
pivots, the motion of the needle in each case 
impeded to some extent by friction at its l)(!ariu|^H, 
Then again, upon small, that is, short needles, 
deflections are with difficulty seen, and those causetl I »y 
the weak currents generated by moon heat were, p*'»'** 
haps, too small to be seen at all. But it ^Yill bo 
m ember ed that the requirements of sub-Atlantic It^l**-* 
graphy brought about the invention of an oxcoodinf^ly 
delicate galvanometer, in which the needle is suRpentli-il 
by a hair, and its most minute deflections are roiulc ’ riiMl 
visible by a small mirror which reflects a beam from 
an adjacent lamp on to a distant scale, so that an aim < tnU 
imperceptible twist of the needle causes a large din** 
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placement, of tlie reflected light-spot, Ilere^ tlienj was 
an indicator capable of rendering visible the most feeble 
of electric current b generated in a thermopile. It was 
not invented long before it was turned to use by the 
astronomers. The Earl of Eosse was the first to tert 
its capabilities upon the moon. 

^ Lord Eosse, using a reflecting telescope of three 
feet aperture, set about measuring the lunar warmth, 
with a view to estimating, first, what proportion of it 
comes from the interior of the moon itself, and is not 
duo to solar heating; second, that which falls from the 
sun upon the lunar surface, and is then reflected to us ; 
and third, that wliioli falling from the sun upon the 
moon, is first absorbed by the latter and then radiated 
from it. We need not follow the instrumental details 
of the processes employed for the various determina- 
tions 5 suffice it for us to know that the moon-heat was 
clearly felt, and that the quantity of warmth varied 
with the phase of the moon — greatest at the time of 
full and least towards the period of new. From this it 
was evident that little or no heat pertains to the moon 
jycr 86 \ that our BatolUto has no proper or internal heat 
of its own, or at least that it does not radiate any such 
into space; if it did, there would probably have been 
found evidence of a continuity of warming, independent 
of the change of phase. Of the heat which came with 
the light only a amall portion would pass through a 
glass screen in front of the pile ; from this it was 
evident that the greater part of the whole coiiBisted of 
heat-rays of low refrangibility j from which Lord Eosse 
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concludes that the major portion of the lunar warmth 
does consist of that solar heat which 1ms first been ab- 
sorbed by the moon and then radiated from it. 

‘ By the aid of a vessel containing hot water, sub- 
tending the same angle at his pile as the rclloctor 
employed to condense the moon’s light and heat, he was 
enabled to judge of the actual temperature which the 
lunar surface must have to produce the oilfect that it 
does; and this was found to be about 600 degrees of 
Fahrenheit’s scale. In this result wo Imvo a strilcing 
verification of a philosophical deduction rensoncKl out 
by Sir John Herschel, many years ago, that “ tho sur- 
face of the full moon exposed to ns must necessarily bo 
very much heated, possibly to a degree much exceeding 
that of boiling water.” ' 

‘Lord Eosse’s conclusion that the heat increases 
with the extent of illumination has been confinnod by 
Marie-Davy, who has even measured the actual warmth 
day by day of a semi-humtion, and given tho results in 
parts of the centigrade scale. Ito finds that tho moon 
at first quarter warms the lower air by 17 milliontlis of 
a single degree, and that a regular increase takes place 

' These observa.1 ions have recently boon ronowed nndov more 
favourable conditions, Tlio result has boon to show that a lai’f^or 
proportion of the moon’s heat than had boon suppoaod is rolhuitod 
sun-heat, The difforonce in tho radiation from tho full moon and 
irom the new indicates, according to thoso la tor observations, a 
ditference of about 200 degreos in tempo raturo. Moreover^ during 
a partial eclipse of tho moon on Novonibor 14, 1872, it was found 
that Mho heat and light diminished nearly, it not qnito, propor- 
tionally, the rainimura for both occurring at or vory near the middle 
of the eoh'pso, whon they were reduced to about half thoir amounts 
before and after coniaob with tho penumbra,’ 
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till about the time of full moon, when the calovifio 
effect reaches 94 millionth a of a degree I These insig- 
nificant figures refer only to the heat which can peno- 
trate our atmosphere* The greater part of the whole 
lunar caloric must be absorbed in the high aerial 
regions.* ^ 

hlr* Langley of the Alleghany observatory, near 
Pittsburg, has recently attempted to measure the moon’s 
temperature with the very clclicato instrument called 
the bolometer* The results ho has obtained, according 
to which the moon’s surface is colder than ico at the 
time of lunar midday, must bo regarded, I fear, as 
showing only that the instrument he has used is uri- 
suitable (perhaps too delicate) for this pnrtieulnr 
research. For they are inconsistent with physical 
possibilities* 

Here I must conclude n\y brief and necessarily 
imperfect sketch of tho roaeavchcfl which have been 
made into the aspect and condition of tho moon’s Bur- 
face* Put after all, no course of reading can prove so 
instructive or intereBting as a thorough study of the 
moon’s surface with a telescope, even though the tele- 
scope be of moderate power ; and I cannot bettor cIoho 
this chapter than by earnestly recoinmoiiding every 
student of astronomy to survey tlio lunar details as 
completely and systematically as his leisure and hi? 
instrumental means may permit. 

J JPrasor's Magazine for Janimiy, 1870. 
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CHAPTER Vf 

» LUNAR CELESTIAL PHENOMENA. 

In discussitig tli6 natiiro of tho celostiRl pliGnotnoiift 
presented to lunarians, if such there be, we have con- 
siderations of two classes to deal with. In tho first 
place, there are demonstrable facts respecting the 
fippfl.r6nt motions of the sun, eai’th, stars, and planets, 
the progress of the lunar seasons, year, and so on j in 
the second, we have other points to consider respecting 
which we can only form opinions more or less probable, 
—as the possible existence of a lunar atmosphoro of 
small extent, the nature and effects of such an atmo- 
sphere, the question whether life — animal or vogetablo 
— exists on the moon, with other matters of a similar 
nature. 

But the only point of a doubtful nature respecting 
which 1 propose to speak at any length in this chiiptcr, 
is the possible existence of a lunar atmosphere. All 
celestial phenomena must be so importantly ufToctod 
by the presence or absence of an atmosphoro that it in 
desirable to inquire carefully into tho cvidenoo bearing 
on the subject. 

Remembering that our air is a mixture of oxygen 
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and nitrogen (in the main), not n chemical compound 
of these gases, we see tlmt there is no ahsoluto neces- 
sity for the proportion in which these gases appear in 
onr atmosphere. In the atmosphere of another body 
they might bo differently proportioned. Moreover, 
carbonic acid gas, which forms a comparatively small 
part of the terrestrial atmosphere, might form a much 
larger proportion of the atmospliero of another planet. 
It is also conceivable that other and denser gases might 
be present in other atmospheres. 

But even when all such considerations as these have 
been taken into account, it remains certain that unless 
we assume the existence on the moon of gases un- 
known on earth, a lunar atmosphere would have a 
specific gravity, under like conditions of pressure, 
differing in no marked degree from that of onr enrlli’e 
atmosphere. It would be a somewhat bold assumption 
to take for the average specific gravity of the lunar 
atmosphere that of carbonic acid gas, which, ns we 
know, is almost exactly half as great again ns that of 
air. But even if wo supposed the lunar atmosphere 
composed of a gas as heavy as chlorine (which has a 
specific gravity nearly 2-^ times as great as that of air), 
or to bo like phosgene gas, which is nearly 3J times as 
heavy as air, the argument which follows would not 
be seriously affected. 

Our air is sufficient in quantity to form a layer 
about 5| miles in depth over the whole surface of tho 
earth, and as dense throughout as air at tho sca-leveh 
This air, according to tho laws of gaseous pressure, 
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adjusts itself so that at any given height the density 
corresponds to the quantity of air above tlmt height. 
The air above any height acts, in fact, as a ^Ycight 
pressing upon the air at that height, and compressing 
its elastic substance until it has a density proportional 
to the pressure so produced. Obviously, therefore> 
the density of the air at any given level depends on 
the araomit of the earth’s attraction, For every weiglit 
on the earth would be doubled if the earth’s attraction 
were doubled, and halved if the earth’s attraction were 
halved, and so on ; and this applies as fully to the air 
as to any other matter having weiglit. Accordingly, if 
the earth’s gravity were reduced to the value of gravity 
at the moon’s surface (0T6 where the earth’s gravity 
is represented by unity), the pressure of tlio air at the 
sea-level, and consequently the density of tho air there, 
would be reduced to less than one-sixth of its present 
value. Of course, a given quantity of air at the sea- 
level would then occupy more space ; and tho whoh^ 
atmosphere would expand correspondingly. Instead of 
having to attain a height of about 3^ miles, as at 
l>resenb, before the pressure would bo reduced to ono- 
half that at the sea-level (or to ^ that at present 
existing at the sea-level), it would be necessary to attain 
a height more than six times as great, or nearly 22 
miles. In other words, instead of one half of tho whole 
atmosphere lying aa at x^resent below tho height of 
miles, the lower half of tho atmosphere would then 
extend to a height of nearly 22 miles. 

Accordingly, if on the moon there were an atino- 
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aijf is st.ill one-fourth as dense as at the sea level. So 
that, even though the lunarians had so large a quantity 
of air as I have supposed, they must still be constituted 
very differently from men, since men would perish at 
once if placed in an atmosphere so attenuated. 

But there is a more important point to be considered. 
We see that an atmosphere of a given quantity per 
square mile of lunar surface ^YOuld reach much higher 
than a similar atmosphere on the earth. One half of it 
would lie above a height of 22 miles — that is, enormously 
above the summits of the highest lunar, mountains. Far 
the greater portion of the atmosphere would Ho above 
the lunar high lands. Supposing the atmosphere dif- 
ferently constituted, and of specific gravity six times 
as great as our air’s under the same circumslancoB of 
pressure, yet even then we should have only the same 
density at the moon’s level as at the earth’s, That 
density could only be due to the X)res8nr»i of the super- 
incumbent parts of the atmosphere. Diminishing with 
height above the moon’s mean surface, according to the 

air at ordinary levels can hope to attain a groalor lioigliti tlinn 
6^ miles, it is not impossible tliat those who pass thoir lives at a 
great height, as the inhabitants of Pofcosl, Bogota, and Quito, might 
safely ascend to a far greater height. Wo know timt Do Sanssuro 
was unable to consult his instnimonts when ho was at no higlior 
level than these towns* and that oven hia guidos fainted in trying 
to dig a small hole in tho snow; whereas the inhabitants of tho 
towns thus exceptionally placed nvq, able to undergo violent oxer* 
else. W e may assume, therefore, that tlieir powers nro oxcoptionul ly 
suited to such voyages as those in which Glaishor and Coxwoll bo 
nearly lost their Uvea* Novcrtholess it may bo regarded as cerlaiu 
that no race of men could exist oven for n few inijiutoa in an 
atmosphere having a specilio gravity less than ono-sixth that of our 
own air. 
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laws of gaseous pressure, it would extend as high above 
the moon’s surface as our air above the earth’s, even on 
the supposition of its having so remarkable a specific 
gravity compared \Yith that of common air. 

We see, then, that if we were to suppose the atmo- 
spheric pressure at the moon’s surface equal to that at 
the earth’s, wo should have to suppose either that this 
atmosphere is composed of gases of very great specifio 
gi’avity, or else that it extends to a much greater 
height than our own atinospihero. In cither case, it is 
obvious that we should expect to find very marked 
effects produced by such an atmosphere. 

In the first place, when the moon was carried^by 
her motion over a star, the place of the star would bo 
affected by refraction, not only when the moon’s edge 
was very close to the star, but for some considerable 
time before. If the lunar atmospihero were actually 
as dense near the moon’s mean surface as our air is at 
the sea-level, then a star would not be occulted at all, 
even though the moon passed so directly over the star’s 
true place on the heavens that the geometrical lino 
joining the star and the observer’s eye passed through 
the moon’s centre. This is easily seen. For the moon s 
semidiameter subtends an angle of less than l6^ 
Now the sun appears wholly in view when in reality 
he is below the level of the horizon, our atmosphere 
having sulficient refractive power to raise the sun s 
imago by about 34^ (his diameter is about 3F). And 
this action is produced on rays which have only passed 
through the atmosphere to reach the earth tangen- 
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tially. lu passing out again, such rays would be 
deflected through 34' more, or in all by about C8'* 
Accordingly, since 16' is less than a quarter of 68', if 
the moon’s atmosiihere possessed only a fourth part 
of the refractive power of our own atmosphere, a star 
in reality behind the centre of the moon’s disc wouhl 
appear as a ring of light. Nor would this ring bo very 
faint. The light of the star would not be diluted or 
spread over the ring, and therefore reduced in corre- 
sponding degree : on the contrary, the moon’s atmo- 
sphere would act the part of an enormous lens, in- 
creasing the total quantity of light received from the 
star, in the same way that the lens of a telescope’s 
object-glass increases the quantity of light received 
from any celestial object.' 

In the case supposed, as the moon really passed 
over a star we should see the star grndunlly approach- 
ing the edge of the moon (and perhaps slightly 
changing in tint), until at length, when the star was 
centrally behind the moon, it would appear as a ring 
around her disc. 

The actual circumstances of an occultnlion of n star 
by the moon are very markedly contrasted with thoso 
here mentioned. In nearly all cases a star disappears 


An effect, indeed, sonicwhnfc similar to tlmt liovo oonsldnred, 
may be produced by covering all but tlio outer ring of nn oideot. 
glass with a black diso, and removing tho oyc-pieooi if tticii tlio 
telescope bo directed nearly towards a bright star, mul ahlftcrt 
from that position until exactly directed on llio star, tlio light from 
the star will be prosenled in tho form of an nro, gradiLly ex. 

Safring ‘ 
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instantly^ when the moou*8 edge reaches tlio star s 
place. There is no perceptible displacement of the 
star, no change of colour, no effect whatever such as a 
i*efractivc atmosphere would produce. In certain in-? 
stances, the brightness of a star has been observed to 
diminish just before disappearance ; but we cannot be 
sure that, where this has happened, the star may not 
be really multiple, or perhaps nebulous. In the case 
of the star tc Cancri, according to some observers, the 
star has seemed suddenly reduced by about one half of 
its light, and almost instantly after to vanish; but 
these phenomena, only noticed in the case of this star, 
may be fairly explained by supposing the star to be a 
close binary. Again, there have been instances where 
a star has seemed to advance for some distance upon 
the moon’s disc before vanishing ; but it is by no means 
unlikely that the star has in such a case chanced to cross 
the moon’s limb where a valley or ravine has caused a 
notch or depression which is too small to be indicated 
by any ordinary method of observation.^ There is 

* It is to bo roitiQiTiborcd tbat siioli dlaopponrancos ns tbcao 
Rlwftys tiil^o plfico opposlto tho bright limb o£ tho iiioouj for tbo 
dark limb, ovon when tbo moon ia nearly now, cuimot bo properly 
scon. Aocoi'dingly irrmlifttion comca into play, as well, oC coarao, 
as tbo ordinary optical dilTraoLion of tbo images of points forming 
tbo ImmT limb, both tboao causes tondiiig to romovo till traco of 
mimito notches really existing on tbo limb, Ibit when a star is 
occulted at sucli a notob, it of coiirso remains visible, despito tbo 
irradiation of the moon’s limb; so that itsccina to bo shining 
tbo moon’s substance. That this explanation is sound, scoma to bo 
oonllrmod by tbo oirouinstanco tbat observers nt stalions not very 
far apart recognise dillcrent apponrancos, Tako, for inatniico, tbo 
following passage from Smytli's Celestial C]/alo \ — One of tbo 
most remarkable projections of a star on tbo moon’s diso whioli. 
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every reason to believe tbat when a single star is oc- 
culted opposite a smooth part of the moon’s limb, 
the disappearance of this star is absolutely iustnn- 
taneous. 

Moreover, the evidence thus obtained baa been 
strengthened by spectroscopic evidence. Mr. Huggins 
has watched the occultation of the spectrum of a 
star, — that is to say, he has watched the spectrum of a 
star until the moment when the star itself has been 
occulted. He has found that the spectrum disappears 
as instantaneously as the star itself. Now this is well 
worth noticing; for it might be supposed that any 
atmosphere existing round the moon would affect tlio 
red rays more than the other ; as our atmosphere, for 
example, refracts the red light of the sun more fully 
than the rest, Hence it might be expected that 
the blue end of the spectrum would disappear a 


I ever observed, was that recorded in the nfth voluino of tlio 
Aaironomical Soeieti/g Meutom, p. 363, of 1 19 Tourl, on Deoombor 18, 
1831. On that oooasion tho night was bcnuttfal, tlio moon nearly 
full, and tho telescope adjusted to tho star which passed over 
the lunar diso, and did not disappear till it arrived between two 
protuheranees on the moon’s bright edge, This was also noted by 
Mr. Snow, p. 373 of the same voluipoi but Sir James South saw 

“ fow minutes afterwards ho 
observed **>6 st^ 120 Taurl perform a similar foat.’ <Buoh 
anomalies, adds Smyth, ‘are truly singular.’ I cannot but think 

h7uTv’e‘nne?'"" C0n7q« 

klr Ch fi ' iT certainly oharaotorlso certain parts of tho 
lunar limb. Such unevennesses on tlio limb must be minute to 
escape detection, through the effeots of irradiation j and oooordiiigly 
a '^•fferenoo in tho position of two ohsorvors wou d 

rxs.*. “ «■> 
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nuMntMiir or (wo hrfvjn* ilio n‘cl (‘n<li ]^ul; Uuh did not 
lini>pi^n* 

'riio K]M‘oiroHc<»po luiH iil«o iillovdod <lin!<!l; (?vid(‘inM^ 
of <lu? uon-i‘xihlriMMi a luiuir iitrnoHjjliorti <^f any 
c'iHiKidonildn oxiont. For wlu'ii Uh* Hiiiudriua of ihrs 
lininr liji;lil. \u\n liroii olhsorviMl (liy iMi\ fir.sl, 

niid liUrr by (j(lu‘rs), it Iiuk l)o<ni PouihI (o Ik* almolutoly 
Hiinihir to (ho sr»l{ir apvcfmmy* that in, Mxo'o is no 
trai'o. wlmli'Vor of al>»u»rp( iv<^ mdtou oxioiiid l)y a liuuir 
a(inoHjihi‘n! upon (Im^ aolur raya \vlii<di uni nilh’ohid 
by Im'I’ to llxi oaillu Tliiu ovidrnuci in, of oournoi not 
dooiohHlrativii of Uio absolulo want of air of any uort^ 
on (ho moon, borauHo a vary rare and bIuiHow utnun 
hpln^ro would proda<!0 no appiviuiablo ubHorpliv<^ olToot- ; 
but it ooiiliniiH (ho o(h<‘r ovidonoc whowin^ that any 
lunar ahiioHphfU’o immt not only bo oxtronudy Hhallow 
bui. oxlroinrly ran*. That, (horo jh not, an had boon 
HM;.p;oHl(id Ijy a woll-knnwa pliymiiHt, a douHO airno- 
h|iln,‘ni BO nliallow au not to riso abovo tlui nnunnit of 
Iho lunar mouniabaa itr iadiflltadl, ind<!od, to (^rnauiivo 
b<iW huoli an alnmaplioni <'c>uld lui mipjiomd (o (ixint, 
ninoo, na wo bavoi uofu abovi’, a naaaix tiin<*K lui (hiiiHo 
(nndi‘r (bo Mnm<M'on<lilionn) an our air, Wiudd on tlio 
lurion only bo aa donnij aa iHir air, if ho {.{nad. in (|Uiui- 
lily UH l:o nautb um lii^jb an our air. An a(nioHpIioni 
Hullioioiit itt quantity (o f'ivii lnn’OHof itn proHonoo in 
lunar Hliallowa, but md* oxloiuliiiff bij^bor ilnm llm 
HiuumllH of (bo lunar inonnlniuH, muht bo of a Hpooirui 
/,fmvi(y HO fpaadly oxooodin/{ (uudor tluj Hamn ooiiili- 
(iouk) I hat of ooininun air, or iudeod of any /{as known 
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to US on earth, that, we are justified in regarding tho 
theory of its existence as altogether unsupported by 
evidence. 

But perhaps the strongest evidence wo have to 
show that the moon has either no atmosphere or so 
little that she may be regarded as practically airless, 
is to be found in the phenomena of solar celipsos. 
It is certain, in the first place, that if tho moon had 
an atmosphere resembling the earth^s, tho sun would 
not disappear at all, even at the moment of central 
eclipse, and when the sun was at his smallest and tho 
moon at her largest, The moon^s atmosphere would 
act as a lens (or as part of a lens) and reveal the sun 
to our view as a ring of blazing lustre — as really 
sunlight as the light of our setting sun. If the mooiVs 
atmosphere were at her mean surface but about one- 
fourth as dense as ours at the sea-level, tho contral 
part even of the sun’s disc would be transmuted into 
a ring of light close to the moon’s edge, .while tlio 
parts nearer the sun’s edge would form outer and 
brighter parts of the ring of glory round the moon. 
A very shallow lunar atmosphere indeed would sunice 
to bring the parts close to the edge of the sun’s diao 
into view. It was, indeed, once supposed that the 
sierra of red light seen round the moon’s disc during 
total eclipse was produced by the refraction of the sun’s 
light by the moon.^ We now know that no part of tho 

» Thus Admiral Smyth wrote in lS44i-^*Tho red natnos or 
protuberances of light, obsorved during total colipsoe, and so oor* 
rectly noted by the Astronomer Royal and Mr. Baily during that of 
July. 1842, seemed to be attributable to an atmosphorlo olleot, albeit 
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fight outside of the moon during totality is sunlight 
refracted by the moon, simply because the part where 

there nitiy be no distinguishable ntmosphero* So long ngo na 1700, 
Captain Stannyan, at IBcrnc, observed of tlio snn, “that Ida getting 
out of tlio eclipse was preceded by blood- red stroake of light from 
tlio left limb, which continued not longer than mx or seven seconds 
of tiino,” On this Flainstcod remarks in a letter to the iloyal 
Society 3 — “The Captain is the Hrst man I over heard of that took 
notice of a red streak of light preceding the emersion of tho 8110*8 
body froin,a total eclipse j and 1 take notice of it to you, because it 
Infers that tho moan has an aUnonplwve\ and its sliorb coiitinmi- 
tion of only six or seven seconds of time tells na that its height 
is not more than tlio live- or elx-hundrcdth part of her diameter 
This phenomenon was again noted during lire total eclipse of the 
sun in April, 1716, by Charles Hayes, tlio author of A IVeaiho 
on JfHmionSt who states In his pluloeophical dialogue 0/ tho 
Jlfwn that there was a streak of “dusky but strong red light** pre- 
ceding tho sun*s rcappearanoo, Tlioro is much uncertainty, ho^Y- 
over, ill all tlieso observations, from their being liable to so many 
conditions of place, weather, instnimont, and wind,* I quote tho 
remainder of Admiral Smyth's remarks as bearing Importantly on our 
subject ; — ‘ h'rora more than one observation, I had worked myself 
up to a boliof that the globea of Saturn and Jupiter woro more 
aifeoted under occultation than could bo assigned to tho inflcotion 
of their light in passing by tho lunar surface j and I also thought 
that I had seen tho satellites of Jupiter change their figure at tho 
instant of immersion. Thus prejudiced, so to say, I prepared to 
establish tho point by tho occullaiion of tho lat of June, 1881, and 
certainly observed it uiulcr a train of favouring circumBtances ; but 
my result, as stated in tho second volume of tho Astronomical 
Sooielj/^s MmoirSf p, 37, is this: AUhougU the emersions of the 
satellites were povrcotly distinct, they woro certainly not so inatan- 
tn neons ns thoso of tlio small stars, whioh I think was owing niDi'O 
to light than disc, Jupiter eutored into contact rallior sluggishly ; 
but though Lho lunar Hmh was tremulous from haxo, thoro was not 
tho slightest loss of light. Faint scintillating rays preceded tho 
emersion, which was so gradual, that, ns tho planet reappeared, tho 
edge of tho moon covered it with a perfoetly omi and black seg- 
ment, whicli out tho bolts distinctly, and formed clear sharp cusps 
slowly altering until tho whole body was door. Thero was no 
appearance of raggedness from lunar mountains, and Jupiter’s bells 

Q2 
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such refracted light would be strongest gives its own 
proper spectrum quite distinct from the spectrum of 
sunlight. But strong as this evidence is, there is yet 
stronger evidence. It has been discovered by Prof, 
\ouiig that the sun has a relatively shallow atmo- 
sphere (say from two hundred to five hundred miles 
in height), whose existence is only rendered dis- 
cernible by spectroscopic analysis, aided hy the mooiu 
As the moon passes over the face of the sun, the 
visible sickle of the sun^s disc grows narrower and 
narrower, until at last it vanisheoj at that moment 
the shallow solar atmosphere is not yet covered, but 
is just about to bo covered. For a moment or two 
the 8 x:)ectra 8 cope gives the spectrum of this atmo- 
sphere, and this spectrum is found to consist of 
myriads of bright lines, — the reversed Fraunhofer lines 
in fact. These are visible only for a second or two, 
and 111 the oxTjinary condition cf the shallow atmo- 
sphere they vanish so suddenly that their disappear- 

were suporbly plain while omorging ; but thoro was not tlio sliglRcst 
Gistortiou of figuro, diralniition of light or change of colour, ♦ , , 
iSchroter oonohiclccl that thoro existed a lunar almosphoro, but ho 
estimated it to bo only 6,7'IS feet high ; and Laplace conaidcrod it 
os being more attenuated than what ia termed the vacuum in an 
air-pump, The slowness of the moon’s motion on its axis may 
account for such result/ (Thoro is, however, no basis for this sup- 
position.) . . . ‘MM. Mikller and Beer, whoso aelouographicnl 
rcscarolies have boon carried to an imprecodentecl extent, arrive at 
the GoiiolusloQ that tho moon is nob without an atmosphere, but 
that the smallness of her mass incapacitates her from lioldingan 
oxLonsiVG covering of gas, and they add, “it is possible that this 
weak onvolopc may sometimes, through local causes, in some 
measure dim or condense itself,” tho which would explain some of 
tho conllicting details of occultation phenomena.’ 
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mri^ liart lu't^n to (lio vmiiahing of roak^'t 

Now if (ho \mm hiol an alioospliom oonijmiahlo. 
(‘von with wlm(. in i]u\ viiomim of au air-jannp, 

(ho n^oofriiiiion of tla^ dolioati^ phniiomconi 
tlw^ oxiHl<nio(i (»r ( hi^ nhiillow unluv iitmosplioro would ho 
wholly iinj^tissihlo, Tho Hli/rhtoat roaiduo of Huuliglit 
lnon|(lit. into uot iou hy (ho rofmotivi* powor of anoh an 
atnuiaphoro would (<» <d>li!c!ralo thr^ Ixiauliful 

Ind. didionto «[»!(•( ruiii of ilu^ ooiiiplox aolar a( iHonpliorio 
onvolopi\ 

Tlio ovidoiioo doriv(Ml from (ho noii“(^\iH(:(nioo of 
any (wili^dit oindo on tho moon, or tho oxtroinn 
iiarrownoaH of any Hindi zone wliioU may oxiHt, iummI 
im( hon^ ho olonoly oouHidorod. Tho only ohnorvaiiiunH 
ytd. mado whmh ai»iK'ar to indioato iho oxiHlamoo of 
lunar (Avilighl, Hoom oxplit‘ul)lo uh duo to tho faofc thul; 
(Im^ huu in uol. a |)nin(. of light; illuiuinat ing (Jm inomdH 
Hurlaoo, hut. pn*rti*ulH, an Hotm from (ho moon, a dino 

' UinliiK t)l(^ untinlur iuOI|iho of iliuu', 1 H7i! Jim Ilium rh*)! 
(w Mr. (‘n}fn*iii Jluvi'i'iunmil At1vniii»iiuir ui' Miulnm, for lOioiib ti nr 
a iini'itnUii whmi l)m iiuniihiM wun nnuuilntnai luiit for iiluMitr I) or 
7 m'o«iiu1u whoa thn iihauhi!) (aoko, Klmwiaa a viirlultln ooiullUon oE 
flu* miliir uliiu»'»{4im'o, Muh'iivnr, ilm Ilium Old not vuntidi imrlilmily 
in I ho luttnr uh wlmii (Im plimuutuuinii wiiti ulmm vml hy Yoinin 
la Ih’roinhm'p IH70, loul hy TaniiunU Mimhmr, iitul oUitirH, in Dmmia*' 
lii>r, 1H7(. TIu'hii pmuliurilhm liuvo no homing on tho (pioHltonof 
llin innnirH uhttnH|i(mio, hut I UuiUKtit' It ihiHlvuhlu to iimntion Um iii, 
U mI Mm riHulor Nlmnld dovivo oinumimH IniprouHloiiH rrmii tim imoooiit 
^dvon idiovo. Tim |{mu'ud mihjrot of Iho min'rt cmtipJoK Nhullow 
ntiiuu^|<lu’rn 1 m fully dlMmiHMud In toy (i'ouMnn on T/io fSun^ in Lho 
niMl rdhhui of wlih’h J iidnph'd Dm Uiooiy Muit Nimh mi atmos])lu-ro 
lomd oxhdi wlillo im ynt (ho ihuldvo obnorvullonH joiiodimrl to ba 
olU'olinh 
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as large as she shows to iis. Thus there would he in 
the case of a smooth moon, a penumbnil fringe border- 
ing the illuminated hemisphere, and about 32' of the 
are of a lunar great circle in width. This would 
correspond to a breadth of nearly ten miles, and would 
be readily discernible from the earth. In the case of 
a rough body like the moon, there would be no reguhir 
pcnumbral fringe, but along some parts of the border- 
line between light and darkness the effect would be 
reduced, while along other parts it would be ex- 
aggerated. On tho whole, there would result appear- 
ances closely resembling those duo to a twilight circle 
of small extent; and we can reasonably ascribe the 
supposed twilight effects hitherto recognised to this 
cause, — that is, to the fact that tho sun, ns seen fiom 
the moon, is not a point of liglit but a disc. 

The conclusion to which we seem forced by all the 
evidence obtainable, is that either tho moon has no 
atmosphere at all (which scarcely seems possible), or 
that her atmosphere is of such extreme tenuity as nob 
to be perceptible by any means of observation wo can 
apply. I must, however, make some remarks here on 
a theory which has been advocated by astronomers 
of repute, and even discussed by Sir John Herschel 
as not wholly incredible, — >th© theory, namely, that a 
lunar atmosphere (and lunar oceans) may possibly exist 
on the hemisphere of the moon which is turned directly 
away from the earth. 

This theory is based onanother, — the theory, namely, 
that the inoon^s centre of gravity is nearer to us than 
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Im rrrnlro nf Thn^ rroft^Hsor IfauHon rousidiM-a 

that iia (Usar(‘|jiinoy l)atw<»nn tluj lu^iuiil Imair 

lunliujiH uiul (ha rosnllH of llio (;haora(i(fal oxaininulioii 
(pf (luMiujnii’H iii('i|UiiUUoa, ia r(sniov(‘il if (ho oontro of 
(j'niviiyof ( hti inotm ia hhsumhmI to ho mihm fuiLlu^r 
fnini tho <*arlh lhau hor ooniro of Thia voHiill; 

- uliiolij howovor, Ih'nfoHHtir N<nvooinh qiioHlioiia— 
Hppi'urM lo hiwi^ iuM'ii (?nnlirin('jl hy (ho coinpuvimni of 
]ih<pln;paphio juiHuron of (ho mcaai, (akiui at tlio limoH 
ipf her oxlieino oivKhaii and wohIiom lihnilioUH, In 
th (5 year 1HU2, M, (lUt^Hcnv, Direolor of thes Iinjioriiil 
Oh^orvalory at Wilna, c?arefully (!xanini(al two aueh 
pioiun‘H lnk(oi hy T)r. J)<? la Uikn Tlio roanlt of tho 
oxainiiiati<»n may lai (Jiuh alated: — Tho nnlor parl« of 
Iho vinibh^ lunar dlno ludonp; to a aphoro luiving a 
radiuH of uuloa, tho camtrnl parta to a Hphoro 

haviu/( a radiun of mih»H; tluj (amtro of tlio 

amallov Hplioro ia about 7i) miloH ni‘an?r lo uh tlinn 
(ho nuilro of (ho hu|p?r ; tho lino joiniiqf thi^ oontros 
ia inelinod at an aiqjlo <»f uimut T)” to lln^ Ihio from 
tho oaitli at (ho (qna?l\ of moan lilindion : thuH tho 
eonual part <d' (ho motada diac; ia about (It) iniloa 
mnniu’ (i> ua (ban it wnuhl U) if tlu^ lunm wort^ it 
h|»h<iro of (ho iliinoinaona indioaicul by (ho diHc/a out- 
linoi lfwoau|ipnao (h<^ iuviKilih^ liart oi' (ho tuoou'h 
wniTaof? to iadoUK to (ho larjpu* Hjihoro, and tlu^ doiiHity 
of tho nmou^H Kulmiaiiof^ nuifonn, it would follow fnan 
(Ida tnnifoniialiou (hat tlio ooniro of ^pavity of (luj 
iiinon ia about 110 mihm farthor from tho earth than 
!h tho niiddln point of the lunar diameter direoled 
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towards the earth, that is, than is the centre of tho 
moon’s apparent figure. This result accords sufficiently 
well with Hansen’s theoretical conclusion. 

On this Sir John Herscliel remai'kn : — ‘ Let ns now 
consider what may be expected to be tho distribution 
of air, water, or other fluid on the surfaeo of such a 
globe, supposing its quantity not sufficient to cov(.iV 
and drown the whole mass. It will ran towards the 
lowest place, that is to say, nob tho nearest to the 
centre of figure, or to the central point of tho more 
space occupied by the moon, hut to the centre of tho 
mass, or the centre of gravity. There will bo formed 
there an ocean of more or less extent, according to 
the quantity of fluid directly over the heavier nucleus, 
while the lighter portion of the solid muterial will 
stand out as a continent on the opposite side. . . . 
In what regards its assumption of a definite level, uir 
obeys precisely the same bydrastatienl laws as water. 
The lunar atmosphere would rest upon the lunnr 
ocean, and form iu its basin a la/ce of aivy whoso upper 
portions, at an altitude such as wo are now contem- 
plating, would be of excessive tenuity, especially 
should the lunar provision of air be loss abundant in 
proportion than our own. It by no means follows, 
then, from the absence of visible indications of water 
or air on this side of the moon, that tho other is 
equally destitute of them, and equally nn fitted for 
maintaining animal or vegetable life. Some sliglifc 
approach to such a state of things actually obtains on 
the earth itself. Nearly all the land is collected in ono 
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ilH homirtplMM’rs, and nnirh tin! largc'v porlinn of 
ilij? isi'u in i\u) ttjtiMmilr, ThnnMs nvichnilly an 
ofhoavy nialorial vorlirally bonivilh ilia iniddln of (,lin 
Vaailia; whila^ noi vary rainoia from Un^ poiiii of ilia 
j(lohi* diann'Iriaully oppo«it(‘, rim‘8 tlin ^n*aaf; tabladand 
of India anti I ho Hinudayn (^tiain, on tln^ snininiU of 
whiah lln» air Imu ntii nn»ra than a Uiird of (ho ilannily 
ii luui on tha m*a-h‘vtd, and, from wliiali animal imI 
axislmaa ia ftir t‘Var t^xalnth tl/ 

Hnl |ilaahin/{ llitai|(li tin* hh'a may ho iluii on Iho 
farlhar hamiKpharo of I ha moon ihuro may lia ooaana 
and an uiinosphiav, it in imporfsihlo to uiiat^pt thi.s 
iliattry. In tlio Jlrnt plata?, it haw not Inum domoii- 
i^lralad, ami in in faai not in neaonlmiao ^vitli than- 
raliaid amiHitltrralions, that tho motm iH (^gg-nlmptah ov 
lii-aplii‘ri(‘al, aaatading (o <lnHsa\v*H vhav, Tho furihm* 
jmrt may alati prtyat?t m tho m»aror part dot^s (hih) 1 >oh- 
iii|j nu'mnirmmmtH ami iidanmaan to Im Irunt- 

wmlhy). ihit ovtm if wt? nnHumo iho moon to liavo 
lint ti|/nn? anjd|^m‘d U\ it hy (Imtst'W, tim invinihlo part 
in ntti that Itovur tu whiah iho aimonplntro wtrnld Umd. 
Tint pari of iho aurfaao oppo^iio Urn (a?ntnt of tln^ 
viailda tlito ia in faid. noi. naurant to tho tarntro tjf 
gravity, Iml, (aaianning tlio unhimmi part aplnamad, and 
of iho radina indii'aloil l>y Iho viaihlii (Uho) in lU) miloH 
fartlior from llm oonlro of gravity than urn poinlH on 
tho odgo of tho viaihlo diao. Tin) Imnd or zono of tlm 
mnon’H Hurfai’o lying on thia odgo ih tho n‘gion wlmro 
ni'isma and an iilmoaphoro nhould ho oolloctnd' (if 

^ Tto (ir^iiiiu'ia U pro^u'iin a hi auollirr foini ia a iMipoi min* 
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water and air existed in appreciable quantity) on the 
moon’s surface. 


tribiitcd by me to the MontJilti Kotxoas of flio jUtronomteal Society^ 
as follows ; — Lot iia assamc, with Hanson, that the moon’s aurfuco 
is formed of two spherical snrfaces, tho part nearest to us having 
the least radius, so that In fact tho moon Is shaped lilcc a sphere to 
which a meniscus is added, said meniscus lying on tho visible heml- 
spiiero, If wo iniagino tho meniscus removed, tho lunar atmosphere 
would dispose itself symmotrictilly round the moon’s spherical sur- 
face. Eow, suppose that while this state of things exists, the lunar 
a^r within the region now ocoupied by the meniscus of solid matter 
is suddenly changed to matter of the moon’s mean density^what 
could "be the effect of this change, by wliioh new matter would be 
added on the side of the moon towards tho earth ? Surely not that 
ttio remaining atmosphere would tend to tho farther side of tlie 
mnon, but, on the contrary, that It would bo attracted towards tho 
nearer side by the now matter there added. The lunar air would 
bo shallower on this nearer side, no doubt, because tho air thus 
drawn to it ^vould not make up for tho air supposed to bo changed 
into tho solid form j but at tho parts which form the edge of tho 
disc ihovo would bo an access of air, without this cliniinishlng cauj=c, 
and tho air would therefore bo denser there than else where. Hut 
in this final state of tilings there would bo equilibrium ; wo learn 
tlieii wdmt are tho conditions of equilibrium for n lunar atmosphere, 
assuming tho moon’s globe to have tbo liguvo supposed by Hansen, 
There w^ould be a shallow region in tho middle of tho visible disc, 
and a region slightly shallow directly opposite, while tho mid -zone 
would have the deepest atinosphcro. But it is around this Kono 
precisely that no signs of a lunar atraosphero havo as yet boon 
recognised. I may remark that this reasoning may bo oxtondod 
to tho earth, Assuming tho waters of tl'O earth drawn towards 
tbo South Pole because of a displacement in tbo earth’s centre of 
gravity, wo may regard tho surface of the sea in the southern 
honjisphero as standing above tho mean surface of tho globe, and 
a part of the southern seas ns thbrofore constituting a meniscus 
like that conceived by Hanson to exist In tho case of tho moon, 
Ib would follow, then, if my reasoning is correct, that wo should 
bave tho atmosphere shallowest in high southern latitudes— shallow, 
but only slightly so, in high northern latitudes, and densest bGb^Ycon 
the tropics. This, as is well known, is precisely the observed 
arrangement. 
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We seem justified in considering the phenomena 
pi‘esented to an observer supposed to be stationed on 
ilie moon, as practically those which would be seen if 
tile moon had no atmosphere at alK 

These pheuoraena maybe divided into eelestiiiland 
lunarian. 

Of lunarian lAenomena, — that is, of the api^earance 
presented by lunar landscapes, — I shall say little ; be- 
oaiise, in point of fact, we know far too little respecting 
tile real details of lunar scenery to form any satisfactory 
ojnnion on the subject. If a landscape-painter were 
invited to draw a picture prosen ting his conceptions 
of the scenery of a region which he had only viewed 
from a distance of a hundred miles, he would be under 
no greater difiriculties than the astronomer who under- 
takes to draw a Umar landscape, as it would actually 
uppear to anyone placed on the surface of the moon. 
AVe know certain facts, — wc know that there are 
striking forms of irregularity, that tlm shadows must be 
much darker as well during the lunar day as during 
fxn earth-lit lunar night, than on our own earth in 
svmligUt or moonlight, and we know that whatever 
features of our own hindseapcs are certainly clue to the 
action of water in river, rain, or flood, to the action of 
wind and weather, or to tho growth of forms of vege- 
tation with which wo are familiar, ought assuredly 
aoi to be shown in any lunar landscape. But a multi- 
i;ude of dcjtails absolutely necessary for tho duo pre- 
sentation of lunar scenery arc absolutely unknown 



228 CELESTIAL PHEMOMENAi 

to US. Nor is it so easy as many imagine to draw 
a landscape which shall be correct even as respects 
the circumstances known to us. For instance, though 
I have seen many pictures called lunar landscapes, I 
have never seen one in which there have not been 
features manifestly due to weathering and to the notion 
of running water, The shadows again are never shown 
as they would be actually seen if regions of the in- 
dicated configuration were illuminated by sun-light 
but not by sky-light. Again, aerial perspective is 
never totally abandoned, as it ought to be in any 
delineation of lunar scenery, 

I do not profess to have done better, myself, in the 
Bo-called lunar landscapes (Plates IV, and V,) which 
illustrate this chapter, I have, in fact, cared rather 
to indicate the celestial than the luuarian features 
shown in these drawings, Still, I have selected a class 
of lunar objects which may be regarded as on the whole 
more characteristic than the mountain scenery usually 
exhibited. And by pieturiug the greater part of tho 
landscape as at a considerable distance, I have been 
freer to reproduce what the telescope actually reveals. 
In looking at one of these views, the observer must 
suppose himself stationed at the summit of some very 
lofty peak, and that the view shows only a very small 
portion of what would really be seen under such cir- 
cumstances in any particular direction. The portion 
of the sky shown in. either picture extends only a few 
degrees from the horizon, as is manifest from the 
^dimensions of the earth^s disc; and thus it is shown 
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that oply a few degrees of tlie harizon are included in 
the landscape. 

Next let us consider the celestial 2 )lienomena visible 
from the moon’d surface. 

The stars must be visible day and nighty since the 
lunar sky in the daytime must be.peufeotly black, 
except where the sun’s corona and the zodiacal light 
spread a faint light over it ; and even where there is this 
light, tlie stars must be quite clearly visible. Secondly, 
many orders of stars below the faintest discernible by 
our vision must be visible in the lunar heaven to eye- 
sight such as ours, by day as well as by night. The 
Milky Way, in 2 >articnlar, must tjresent a magnificent 
fipectaclej 

The npimrent motions of the stars correspond to the 
moon’s rotation, Since she turns on her axis once in 
27*322 of our 'days, and in the same direction that our 
earth turns, it follows that the star-stihere turns round 
from east to west as with us, but at a rate more than 
twenty-seven times slower. The pole of the lunar 
lioavens lies close to the pole of the eclij)tic, since the 
inclination of the moon’s axis is only dogr( 3 c. Ihit 
the pole shifts more quickly than the polo of our 
heavens, completing its circuit around the jiole of the 
eclijitic, in a circle 3 degrees in diameter, in 18'fi 
years. Thus in the course of a lunar day the pole of 
the heavens shifts appreciably in position, and thero- 

^ I Imvo not YOntured to include any part of tlio Milky Way in 
tho piotiu'osilhiatmting tins oLaptor, — for this reason simply, Uiat 
no oidiinivy engraving could givo tho Bllghtesb idea of lliosploncloiir 
of tho galaxy as soon from au airless planot. 
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fore the stars do not travel in true circles, nor remain 
at a constant distance from the pole of the heavens 
(as our stars appreciably do), This noticed, tlu^ 
motion of the star-sphere, except us to rate, corre- 
sponds latitude for latitude with that of uur star-sphere. 
The northern and southern poles of tlie heavens 
are overhead to observers placed respectively at tluj 
northern and southern poles of the moon ; and as tlio 
lunarian travels towards the equator from a northern 
or southeini station, the pole descends along a northerly 
or southerly meridian respectively until at the lunar 
equator the two poles are both on the horizon. The 
equator of the lunar star-sphere lies always close lo 
the ecliptic, the points corresponding to those parts 
of our celestial equator which lie farthest from tlu^ 
ecliptic being only degree instead of about 
degrees, as with us, from the ecliptic, These points 
and the nodes of the equator shift round so as to per- 
lorm a complete circuit of the ecliptic in 18*6 years. 

The motions of the sun bear the same relation lo 
the star-motions as in the case of our own celestial 
phenomena. As our solar day exceeds the sidereal day 
on account of the sun’s advance on the ecliptic, so the 
solar day on the moon exceeds the sidereal lunar day, 
— amounting to 2 9 *031 of our terrestx'ial days, instead 
of 27*322 days. 

But while the lunar day is much longer than ours, 
the lunar year is considerably shorter. Eor the preces- 
sion of the nodes is, as we have seen, much more rapid 
in the moon’s case than in the earth’s ; and the lunar 
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tropical year, 'W’liich is of course the year of seasons, is 
correspondingly shortened by the rapid motion of the 
vernal and uiitumnal eqti inox-points to meet the sun as 
he advances along the ecliptic. We know precisely wha b 
the lunar tropical year is, from the result stated at 
p. 112, It lasts 346*G07 of our days, or 11'737 lunar 
days, Thus on the average each lunar season — spring, 
summer, autumn, or winter — lasts 2*934 lunar days, or 
nearly three days. Bub the seasons are not very marked , 
since the siuds range is only from north to south 
of the ecliptic, which is rather less than the range oF 
our sun during four days before and after either equinox, 
vernal or autumnal. It appears to me that this state 
of things scarcely warrants Sir W. Herschel’s state- 
ment that Hhe moon^s situation with respect to the 
sun is much like that of the earth, and by a rotation on 
its axis it enjoys an agreeable variety of seasons and of 
day and night.* 

Differences of climate exist, however, on the moon ; 
and the circumslauce is one to be carefully borne in 
mind in discussing the physical condition of our satel- 
lite, Day and night are nearly equal everywhere on the 
moon’s surface, and during all the year of twelve lohg 
days. Moreover, the sun everywhere and at all times 
rises nearly due east and sels nearly due west. But his 
meridian altiturio varies with latitude precisely as the 
meridian altitude of our spring or autumn sun varies 
with latitude. Along the lunar equator he rises to the 
point overhead, or very near to it, at mid-day ; ami the 
same may be said of all places within the lunar tropical 
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zone (three degrees only in width). Near the lunar 
poles, on the contrary, the mid-day sun is close to the 
horizon. And in mid latitudes the mid-day sun has an 
intermediate altitude, which is greater or less according 
as the place is nearer or farther from the equator. 

The motions of the planets as seen from the moon 
need not be fully discussed. It may be noted that all 
the motions of advance and retrogression observed from 
the earth can be seen from the moon also. The prin- 
cipal differences in the view of the planets obtained 
from the lunar station consists first in the visibility of 
Venus and Mercury when close to the sun, so that the 
varying illumination of these planets can be traced 
during their complete circuit around the sun, and 
secondly, in the visibility not only of Uranus, Neptune, 
and whatever other planets may travel beyond Neptune, 
but of many hundreds, and perhaps thousands, of the 
asteroids. If any planet or planets travel within the 
orbit of Mercury, lunarian astronomers, if such there be, 
must be well' aware of the fact, supposing their powers 
of vision equal to ours. 

The solar surroundings, as the prominences, corona, 
zodiacal, meteor systems, comet-families, and so on, 
must be perfectly visible from the moon ; and in par- 
ticular, before sunrise and after sunset these objects 
must form a very striking feature of the lunar 
heavens. I shall presently give a brief ideal sketch of 
some of the more remarkable circumstances of the 
scene presented to a supposed lunar observer, as those 
and other phenomena pass in review before him. The 
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I'oailor will find in this sketch a description of the 
lirobable appenninces presented during an eclipse of the 
sun by the earth. 

But it is in the phenomena presented by onr earth 
herself that our imagined lunarians must find their 
most interesting and difficult subject of study. On her 
they have an object of contemplation utterly unlike any 
known to our astronomers. 

Of course. on the farther side of the moon, at least 
on those parts which arc never brought into view by 
libration, the lunarians never see the earth at all. On 
the lather side she is at all times visible, though under 
very varying conditions of illumination. On the zone 
including places on the moon which alternately pass 
into view and out of view, she is alternately seen and 
concealed, but to varying degrees. 

Thus let us begin with the ‘parallactic fringe’ 
pmem^p^uQxt to the illurniiiated region, shown in fig. 
1'13. The inner edge of this fringe (the left-hand edge 
in tlie figure) indicates a line on the moon where the 
earth’s centre in extreme libra tions just descends to the 
horizon, but never below the horizon. The outer edge 
inarks a line whore the earth’s whole disc just disappears 
in extreme librations. Thus on places within this fringe-^ 
r(?gion the earth sometimes descends so low as to show 
less than half her disc above the horizon. If a fringe 
equally wide were drawn just within the inner edge of 
this fringe, it would include all places where the earth 
in extreme librations descends bo low that some part of 
luii* disc (less than half) is concealed below the horizon. 
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The space marked as the ‘Region earned out of 
view by libnition ’is the lunar zone where the earth 
passes out of viewj in extreme librations, but is for the 
greater part of the time in view, wholly or j)artially. 
The space mai’ked as the ‘Region brought into view 
by libration ’ is the lunar zone where the earth passes 
into view in extreme librations, but is for the greater 
part of the time wholly or partially concealed,. 

Lastly, let us take the parallactic fringe p mem'p'. 
Here the edge next to the unseen region indicates a 
line on the moon where, in extreme librations, the 
earth’s edge just touches the horizon, no part of tho 
earth becoming visible. The other edge indicates a lino 
on the moon where, in extreme librations, the earth’s 
centre just reaches the horizon. On any place, there- 
fore, within the fringe, a part of the earth’s disc, but 
always less than a half, becomes visible in extreme libra- 
tions, A fringe as wide on the other side of the lino 
p m e m' p', includes places on the moon where, in ex- 
treme librations, more than the half of tho earth’s disc 
becomes visible, but not the wLole disc; and its right- 
iiand edge is a line on the moon where, in extreme 
librations, the whole disc of the earth jxtsi becomes 
visible, touching the horizon at its lower edge. 

It would be idle, however, to enter into further 
details on these points, simply because the result would 
have no value. It is indeed instructive to consider tho 
general features of the heavens as seen from any celes- 
tial body, and the general fact that the earth, as seen 
from each lunar station on the visible hemisphere, has 
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siie\i and sncli a mean position, and sways libvating'iy 
around or across that position, is sufficiently interostinR- 
But tile special circumstances of these librations have n o 
interest, because in no sense affecting the physical habi- 
tudes of Ihe different lunar regions. Moreover, a voUun n 
much larger than the present would be required for 
their adwiuatc discussion. 

It is manifest that at each lunar station the earth 
changes in phase precisely as the moon changes with in-'. 
When we see the moon full, the lunarians have the 
earth ‘new,’ that is, wholly dark; when we seo the 
moon at her third quarter, the earth, as seen from the 
moon, is at her first quarter ; when the moon is new, 
the earth is ‘full ; ’ and lastly, when the moon is at her 
first quarter, the earth is at her third quarter. But in 
the case of the earth seen from, the moon, the changes 
are all gone through while she is in one and the samo 
part of the heavens ; and though they necessarily depend 
on the sun’s distimcefromthceniihjthis distanco changc-'S 
by the sun’s apparent motion around the lunar lioavcu!-, 
and not, as in the case of the moon, by tho motions 
chiefly of the lesser luminary. Moreover, it is maui fe«t 
that the earth’s phases occur at different hours of the 
lunar day at different stations. When tho earth is 
seen on the meridian, ‘ now earth’ ncccsaarily occurs (it 
noon-day, ‘ first quarter ’ at sunset, * full earth ’ at inid- 
night, and ‘ third quarter ’ at sunrise. Whero Iho oiu’th 
is seen on the east of the meridian, ‘ new earth ’ occur.s 
in the forenoon, ‘first quarter’ in the altcrnoon, full 
earth ’ between sunset and midnight, and * third quarter ’ 
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between midnight Dnd sunviset Where the earth is seen 
on the west of the meridian, * new eartli ’ occurs in the 
afternoon, ‘ first quarter ’ between sunset and midnight, 
‘ full eartli ’ between midnight and sunrise, and third 
quarter in the forenoon. 

Again the earth changes in aspect to the lunarians 
on account of the inclination of her axis. When the 
moon is north of the eqnatoi', the lunarians see the 
north polar regions, or have a view of the earth resem- 
bling a summer sun-view of the earth } when the 
moon is south of the equator, the lunarians see the 
south polar regions, or a view resembling a winter sun- 
view of the earth. These changes corresijond exactly, 
in sequence, with the varying sun-views of the earth 
during a year, since the moon, like the sun, passes alter- 
nately north and south of the equator as she travels to- 
wards the east on the heavens. But the period of these 
changes, in the case of the moon, is of course the period 
occupied by the moon in passing from the equator to 
her greatest northerly declination, thence to the equator, 
again to her greatest southerly declination, and finally 
to the equator once more, and this period has a mean 
value equal to a nodical month. It will bo manifest 
from fig. 28, p. 119, and the explanation, that the 
range of the earth’s apparent sway, by which her north 
and south poles are brought alternately into view, varies 
from le” 18' to fiS” 35' on either side of the mean 
position (when both poles are on the edge of her visible 
disc). Ihe period in which these changes are com- 
pleted is of course that of the revolution of the moon’s 
nodes, or 18’ 6 years, 
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In the consicleraiioiis here dealt \\d(;h, the stndent 
who luis sufiicient leisure will find tlie necessary mate- 
lials for the complete discussion of the varying aspect 
atid pogition of the earth as supposed to be seen from 
.any lunar stutioiL 

Before drawing this chapter to a conclusion, how- 
ever, I shall venture to attempt the description of some 
of til e chief events of a lunar month, as they might be 
supposed actually to x^resent themselves if an inhabitant 
C)l earth could visit the moon and observe them for him- 
self. I select time and xilaee so as to include in the 
description the phenomena of an eclipse of the sun by 
tlic earth* The reader will perceive that neithei* of the 
views illustrating this chapter corresponds with the re- 
lations considered ill the following xiaragraplis, — ;in fact, 
it was absolutely necessary to select for pictorial illus- 
tration a lunar station where the earth would be low 
down, whereas for descriptive illustration it was mani- 
festly better to take a station having the earth high 
above the lunar horizon. 

To an observer stationed upon a summit of the lunar 
Axienninos on the evening of November 1, 18?2, a 
scone was presented unlike any known to the inha- 
Inttints of earth. It was near the middle of the long 
lunar night. On a sky of inky blackness stars innu- 
merable were spr(3ad, amongst which the orbs forming 
our constellations could be recognised by their superior 
1 iistre, but yet were almost lost amidst myriads of stars 
unseen by the inhabitants of earth. Nearly overhead 
shone the Pleiades, closely girt round by hundreds of 
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lesser lights. From them towards Aldebavan and the 
clustering Ilyads, and onwards to the belted Orion, 
streams and convolutions of stars, interwoven in fan- 
tastic garlands, marked the presence of that mysterious 
branchlike extension of the Milky Way which the ob^ 
server on earth can with unaided vision trace no fartliev 
than the winged foot of Perseus. High overhead, and 
towards the north, the Milky Way shone resplendent, 
like a vast inclined arch, full ^ thick inlaid with patines 
of bright gold.* Instead of that faint cloud-like zone 
known to terrestrial astronomers, the galaxy presented 
itself as an infinitely complicated star region, 

‘With isles of light and silvery streams, 

And gloomy griefs of mystio shade,’ 

On all sides, this mighty star-belt spread its out- 
lying bands of stars, far away on the one bund towards 
Lyra and Bootes, where on earth we see no truces of 
milky lustre, and on the other towards the Twins and 
the clustering glories of Cancer, — ^ the dark constella- 
tion* of the ancients, but full of telescopic splendours. 
Most marvellous too appeared the great dark gap 
which lies between the Milky Way and Taurus ; here, 
in the very heart of the richest region of the heavens, 
— with Orion and the Hyades and Pleiades blazing 
on one side, and on the other the splendid stream 
laving the feet of the Twins, — there lay a deep black 
gulf which seemed like an opening through our star 
system into starless depths beyond. 

Yet, though the sky was thus aglow with star-light, 
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that of the full moon was our earth. The scene was 
not unlike that shown to Satan when Uriel, 

‘ ono of tho seven 

Wlio ill God’s presence, nearest to tho tlu'ono, 

Stand ready nt command/ — 

pointing earthwards from his station amid the splendour 
of the sun, said to the archfiend, — ► 

* Look downward on that g^lobo wlioso hither side 
With light from hence, though but reflected, fthitics : 

^J'hab place is earth, tho seat of man ; that, liglit 
His day, which else, as th’ otlicr hoinisphorc, 

Night would invadb/ 

In all other respects the scone presented to the 
spectator on the moon was similar j but as seen from the 
lunar Apennines the glorious orb of earth shone high 
in tho heavens i and the sun, source of the light then 
bathing her oceans and continents, lay far down below 
the level of the lunar horizon. 

And now, as hour passed after hour, a series of 
changes took place in tho scene, which wore unlike any 
that are known to our astronomers on earth. Tho stars 
passed, indeed, athwart the heavens on a course not 
differing from that followed by tho stars whichillumine 
our skies, but so slowly that in an hour of lunar time 
they shifted no more than our stars do in about two 
minutes. And, marvellous to sec, the groat orb of earth 
did not partake in this motion. Hour by hour i>assod 
away, the stars slowly moved on their courso westwards, 
but they left the earth still suspended as a vast orl) of 
light high above the southern horizon. She changed, 
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(Imiigh stars far fainter than the least we see oa the 
clearest and darkest night were shining in countless 
myriads, an orb was above the horizon whose light would 
pale the lustre of our brightest stars. This orb occii- 
l)ied a space on the heavens more than twelve times 
larger than is occupied by the full moon as we see her. 
Its light, unlike the moon’s, was tinted with beautiful 
and well-marked colours. At the boi^der, the light of 
this globe was white, while somewhat to the left of tlu^ 
uppermost point, and as much to the right of the 
lowest, a white light of peculiar purity and brilliancy 
extended for some distance upon the disc. But whereas 
the upper passed farthest round the disc’s edge, and 
seemed on the >vhole to be the most extensive, the lower 
spread farther in upon the disc, and aj)peared rounded 
into an oval shape. Corresponding to this peculiiirily 
was the circumstance that the greater part of the disc’s 
upper half was occupied by a misty and generally whitish 
light, amidst which spots of blue could be seen on the 
right and left, and brownish and yellowish streaks near 
the middle ; while, on the contrary, the lower half of 
the disc was nearly free from misty light, and occupied 
on the sides by widely-extended blue regions, and in 
the middle by green tracts on a somewhat yellowish 
background. To an inhabitant of earth it would not 
have been difficult to recognise in this last-named region 
the continent of South America bathed in the full light 
of a southern summer sun. 

Tlio globe which thus adorned the lunar sky and 
illuminated the lunar lands with a light far exceeding 
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iiuteeil, in aspect. The two Americas passed away 
towards the right, and the broad Pacific was presented 
to view, Tlien Asia and Australia appeared on the left, 
and as the3' passed onwards the East Indies came ecu- 
trally upon the disc. Then the whole breadth of Asia 
could be recognised, but partly lost in the misty light 
of the northern half, while the blue of the Indian Ocean 
was conspicuous in the south. And as the hours passed 
on, Euroj)© and Africa came into view, and our own 
England, foreshortened and barely visible, near the snow- 
covered northern region of the disc. 

But although such changes as these toolc place in 
the aspect of the eai-th, her globe remained almost 
unchanged in position. It was indeed traversing the 
ecliptical zone, along which the sun and moon and 
planets pursue their course} and this star-zone was 
itself being carried slowly round the lunar sky ; hut 
these motions were so adjusted that the earth herself 
appeared at rest. The zone of tlie ecliptic was carried 
round from east to west behind the almost mimoving 
globe of the earth. When South America was in view, 
she had been close to the eastern border of Aries; 
and now Aries had passed away westwards, and Taurus 
was behind the earth. And yet it could not be said that 
the earth by advancing along the ecliptic washidingtho 
stars of the zodiacal constellations j rather it appeared 
as though these stars were hiding themselves in turn 
behind the earth. 

But the stars are not hidden as they are when the 
moon passes over them. The terrestrial astronomer in 
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sucli a case observes that a star vanishes instantly^ inul 
reappears with equal suddenness when the duo tiino 
has arrived. But the passage of the muUitudinous slans 
of the lunar sky behind the earth was accoinpliHliod iu 
a different manner. The border of the eartlds disc was 
seen to be full of a light far more resplendent than tint 
of the disc itself. As the stars on their passage to the 
region behind the earth approached this border, thoir 
light was seen to be merged iu the ring of Rplondour, 
This ring was, in fact, produced by the mingled lustre 
of all the stars which were behind the earth’s disc ; ami, 
speaking correctly, these stars did not vanish at all, ^J'ho 
earth’s atmosphere, like a gigantic lens, broiiglib tlmin 
all into view, and became filled with their diffu8(3(l 
light, just as the object-«glas 3 of a telescope is seen to 
be filled with a star’s light when we remove tho eye- 
glass. 

Here then was another feature in which tho eart li, 
seen as a celestial body from the moon, differed wliolly 
from any celestial orb visible to terresf x*ial ustroiioinerH. 
Her orb, beautiful from its size and splendour, beautiful 
also in its variegated colours, was girt around with a 
ring of star-light, a ring infinitely fine as seen from tho 
moon by vision such as ours, yet conspicuous because of 
the quality of the light which produced it. 

It may seem surprising that, though the orb of eartli 
was shining so splendidly above the lunar horizon, stars 
could be seen which the far fainter lustre of tho full 
moon obliterates from our skies 5 and nob these alone, 
but countless thousands of other stars, which only the 
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telescopist can see from a terrestrial station. But the 
observer on the moon has no aky^ properly so called. 
Above and around him is the vault of heaven, while the 
atmosphere which forms our sky, not only in the splen- 
dour of day, but in the darkest night, when the stars 
seem to shine as on a background of intense blackness, 
is wanting on the moon. The blackness of our darkest 
skies is as the light of day by comparison with the dark- 
ness of space on which the stars of the lunar heavens 
are seen projected. The glorious orb of the earth was 
there at the lime we speak of, and her light would have 
lit up an atmosphere like our own, so that the whole 
sky would have been aglow ; but on the moon there was 
no atmosphere to illuminate, so that above and around 
the observer there was no sky. 

Yet the lunar lauds were lit up with the splendour 
of earth-light. The mountainous region around shone 
far more brightly than a similar terrestrial scene under 
the full moon, and the glory of the earth-lit portions 
>Yere rendered so much the more remarkable by the 
amazing blackness of the jiarts which were in shadows 
But the lustre of the stars was nob dimmed. There was 
no veil of light to hide the stars, as when the full moon 
pours her rays upon the terrestrial air. Homer’s famous 
description of a moonlit night corresponds far bettor 
with the lunar scene than with night on the earth. For 
whereas on earth the glory of the moon hides the heaven 
of stars from our view, on the moon, In the far greater 
splendour of the full earth,— 
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‘ the stars about the lHavth 
Look beautiful 

And every height comes out, and jutting peak 
And valley, and the immeasurable heavens 
Break open to their highest, and all tlio stars 
Shine. 

The long hours passed, measured by the stalely 
motion of the stars behind the scarce-moving earth, and 
by the changing aspect of her globe, as continents and 
oceans were cai’ried from left to right across her face by 
her rotation. And gradually her orb lost its roundness » 
The ring of brilliant star-light which encircled her disc 
remained perfectly round indeed, but within this ring 
on the right a dark sickle began to be seen, and, slowly 
spreading, invaded the disc on tliat side. The earth 
was no longer full, but had assumed a gibbous phase, 
like the moon a day or two after full. Yet her aspect 
was wholly unlike that of the gibbous moon. The ring 
of light surrounding her true orb would of itself have 
made her appear unlike the moon ; but besides this 
peculiarity, there was a marked contrast in the appear- 
ance of the darkened portion. Instead of that sharx)ly- 
defined edge presented by the gibbous moon, there was 
in the case of the earth a softening off of the light by 
gradations so gentle that no eye could perceive where 
the enlightened hemisphere terminated and the dark 
hemisphere began. As night on our earth comes on 
with stealthy pace, the shades of evening closing in so 
gradually that we can hardly say when day ends and 
night begins, so from the station of the lunar observer 
the shading on the earth’s darkened side which showed 
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where night was coming on, presented no recognisable 
outlines. One familiar with the earth and with the 
ways of her inhabitants could not but picture to himself 
how, as country after country was carried by the earth’s 
rotation into that darkened region, the labours of men 
wore being drawn towards a close for the day. 

When about a week had passed, the earth had be-t 
come a half-earth. The shape of the darkened half of 
the disc could still be recognised by the ring of star- 
light, which always surrounds her as she is seen from 
the moon, and remains nearly always bright and conspi- 
cuous, though sometimes, when many and bright stars 
are behind the earth, the ring is brighter than at others. 
This^ in fact, had been the case when the Milky Way, 
where it crosses G-emini, had been carried behind tlie 
earth, which now, however, had passed beyond that 
region, and was entering the constellation of the 
Lion. 

The aspect of the earth had in the meanwhile 
altered in another respect. The southern polar region^ 
had been turned more fully than before towards the 
moon,— more fully than towards the sun. 

We may pass, however, from the further consi- 
deration of changes in the earth’s aspect, to describe 
a far more interesting series of j)henomena which had 
already commenced to be discernible in the eastern part 
of the heavens. 

At all times the zodiacal light is visible in the lunar 
heavens, forming a zone com];)letely round the zodiac, 
and perfectly distinct in aj)pearance from the Milky 

H 
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Way. It is far more brilliant, even when faintest, 
than the zodiacal light ^ve recognise through our air, 
at once dense enough to conceal, and sufficiently illu- 
minated, whether by twilight, moonlight, or starlight, 
to spread a veil over the delicate light of the zodiacal* 
But near the sun’s place the zodiacal has an aspect 
utterly unlike that of even the brightest portions aeon 
by us. Its complicated structure becomes discernible, 
and its colour indicates its community of nature with 
the outer jjarts of the solar corona. At the ei^ooh we 
are considering, the corona itself was rising in the east, 
and its outer streamers cpuld be seen extending along 
the ecUptical zone far into the bright core of the 
zodiacal. 

Infinitely more wonderful, however, and transcend- 
ing in sublimity all that the heavens display to tlie 
contemplation of the inhabitants of the earth was the 
scene presented when the sun himself had risen. I 
shall venture here to borrow some passages from an 
essay entitled ^ A Voyage to the Sim,’ in which I have 
described the aspect of the sun as seen from a station 
outside that atmosphere of ours which veils the chief 
glories of the luminary of day. ^ The sun’s orb was 
more brilliantly white than when seen through tho 
air, but close scrutiny revealed a diminution of bril- 
liancy towards the edge of the disc, which, when fully 
recognised, presented him at once as the globe he 
really is. On this globe could be distinguished the 
spots and the bright streaks called faculse. This globe 
was surrounded with the most amazingly complex halo 
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of glory. Close around the bright whiteness of the disc, 
and shining far more beautiful by contrast with Unit 
whiteness than as seen against the black disc of the 
moon in total eclipses — stood the coloured region called 
the chromatosphere, not red^ as it appears during 
eclipses, but gleaming with a mixed lustre of pink and 
green, through which, from time to time, passed the 
most startlingly brilliant coruscations of orange and 
golden yellow light. Above this delicate circle of colour 
towered tall prominences and multitudes of smaller 
ones. These, like the chromatosphere, were not red, 
but beautifully variegated. In parts of the prominences 
colours appeared which were not seen in the chromato- 
sphere, — and in particular, certain blue and purple 
points of light which were charmingly contrasted wiL/l 
the orange and yellow flashes continually passing along 
the whole length of even the loftiest of these amascing 
objects. The prominences round different parts of the 
sun’s orb presented very different appearances^ for thoso 
near the sun’s equatorial zone and opposite his polar 
regions differed very little in their colour and degree of 
light from the chromatosphere. They also presented 
shapes resembling rather those of clouds moving in a per- 
turbed atmosphere, than those which would result from 
the tremendous pn'oeesses of disturbance which astrono- 
mers have lately shown to be in progress in the sun. But 
opposite the spot-zones the prominences presented a 
totally different appearance. They resembled jets of 
molten matter intensely bright^ and seemingly moving 
with immense velocity. They formed and vanished 
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with amazing rapidity, as when in terrestrial conflagra- 
tions a flame leaps suddenly to a great height and 
presently disappears.’ . . . ‘ Around the sun a brightly 
luminous envelope extended to about twice the height 
of the loftiest prominences, while above even the faintest 
signs of an atmosphere, as well as through and amidst 
both the inner bright envelope and the fainter light 
surrounding it, there were the most complex sprays and 
streams and filaments of whitish light, here appearing 
as streamers, elsewhere as a network of bright streaks, 
and yet elsewhere clustered into aggregations which can 
be compared to nothing so fitly, though the comparison 
may seem commonplace, as to hanks of glittering thi’end. 
All these streaks and sprays of light appeared perfectly 
white, and only differed among themselves in that 
whereas some appeared like fine streaks of a uniform 
silvery lustre, others seemed to shine with a curdled 
light. The faint light outside the glowing atmosphere 
surrounding the prominences was also whitish j but 
the glowing atmosphere itself shone with a light I’c- 
sembling that of the ohromatosphere, only not so 
brilliant. The pink and green lustre, — continually 
shifting, so that a region which appeared pink at one 
time would shine a short time after with a greenish 
light, — might aptly be compared in appearance to 
mother-of-pearl. The real extension of the white streaks 
and streamers was not distinguishable, for they became 
less and less distinct at a greater and greater distance 
from the sun, and finally became imperceptible.’ 

Much more might be said on this inviting subject, 
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only that the requirements of space forbid, obliging 
me to remember that the moon, and not the sun, is the 
subject of this treatise. The reader, therefore, must 
picture to himself the advance of the sun with his 
splendid and complicated surroundings towards the 
earth, suspended almost unchangingly in the heavens, 
but changing gradually into crescent form as the sun 
drew slowly near. He must imagine also, how, in the 
meantime, the star-sphere was slowly moving westwards, 
the constellations of the ecliptic in orderly suceessloli 
passing behind the earth at a rate slightly exceeding 
that of the sun’s approach, so that he, like the earth, 
only more slowly, was moving eastwards so far as the 
star- sphere was eonoerned, even while the moon’s slow 
diurnal rotation was carrying him westwards towards the 
earth. 

At the station we are considering, the lunar eclipse 
which took place on November 15, 1872, was only par- 
tial. Here, therefore, though the sun actually passed 
in part behind the earth, a portion of his orb remained 
unconcealed. But owing to the refractive power of the 
earth’s atmosphere the rest of his disc was also brought 
into view, amazingly distorted, and forming a widely- 
extended crescent of red light — true sun-light — around 
a large arc of the earth’s edge, the visible portion of 
the solar disc being at. the middle of this crescent, 

To an observer near the north pole of the moon, 
the eclipse was total, at least in our terrestrial mode of 
considering lunar eclipses : the true sbadow of the 
earth fell on that portion of the moon. From a station 
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BO placed then, no part of the sun’s disc could be seen 
by the Lunarian j nevertheless a crescent of sun -light 
\\ns visible in this case also, the crescent extending 
farther round the earth’s disc than in the former ease, 
and in fact round considerably moi*e than a semicircle, 
the brightest part of the crescent being opposite the 
part of the earth’s disc behind which the sun’s disc was 
in reality placed, 

I must, however, leave the reader to conceive tho 
slow processes of change by which, as tho sun advanced 
to the position here indicated, his disc became gradually 
modified into this crescent of true sun-light, this dis- 
torted image of the tcAoie sun, thus seen through tho 

spherical shell of the earth’s atmosphere, and how 
passing onwaids towards the west, he gradually reap- 
peared. Space will not permit me to dwell as I should 
wish on the multitude of interesting relations presented 
as the solar surronndings passed in their turn behind 
the earth, either before the sun as he approached the 
^rt , or after the sun as he moved on westwards, 
'uough has been said to indicate to the thoughtful 
rea er the general nature of the phenomena presented 
during the whole course of the sun’s passage from tho 
eastern to the western horimn, as well as those which 

owe a ter he had set, until the lunar month was 

1 ^ November 30, 

, with fully illuminated orb upon the lunar sky. 
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CIIAPTEE vr. 

CONDITION OP THE MOON’S SURFACE. 

If the study of our earth’s crust — or the science of 
geology— is capable of throwing some degree of light 
on the past condition of other members of the solar 
system, the study of those other orbs seems capable of 
at least suggesting useful ideas concerning the past 
condition of our earth. There are members of the 
solar system respecting which it may reasonably be 
inferred that they are in an earlier stage of their exist- 
ence than the earth. Jupiter and Saturn, for instance, 
would seem — so far ns observation has extended — to bo 
still in a condition of intense heat, and still the seat of 
forces such as were once probably at Avork within our 
earth. We see these planets enwrapped, to all appear- 
ance, within a double or triple coating of clouds, and 
we are compelled to infer, from the behaviour of these 
clouds, that they are due to the action of forces belong- 
ing to the orb which they envelope 5 we have, also, 
every reason which the nature of the ease can afford to 
suppose that our own earth was once similarly cloud- 
enveloped. We can scarcely imagine that in the long- 
past ages, when the ijgneoua rocks were in the primary 
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Stages of their existence, the air was not loadca hmvily 
with clouds. We may, then, regard Jnpiter and Sa n 
as to some degi-ee indicating the stale of our own ear h 
at a long-past epoch of her existence. On tho oLln.r 
hand, it has been held, and not without some degro .>r 
evidence in favour of the theory, that in our moon 
have a picture of our earth as she will he at some lu - 
distant future date, when her period of rotation uifi 
been forced into accordance with tho period of Uio 
moon’s revolution round the earth, when tho intonuvl 
heat of the earth’s globe has been radiated almost 
wholly away into space, and when her oceans and at- 
mosphere have disappeared through tho action of tho 
same circumstances (whatever they may bo) which 
have caused the moon to be air-less and oocau-lcsH, 
lJut whether we talie this view of our earth’s future, or 
whether we consider that her state has been from tho 
beginning very different from that of the moon, it 
nevertheless remains probable that we see in our moon 
a globe which has passed through a much greater i>ro^ 
portion of its history (so to speak) than our earth j and 
accordingly the study of the moon’s condition RoemB 
capable of giving some degree of information as to tliii 
future (possibly also as to the past) of our earth* 

I wish here to consider the moon’s condition from a 
somewhat different point of view than has commonly 
been adopted. It appears to me that the sUidy of tho 
moon*s surface with the telescope, and the consideration 
of the various phenomena which give evidence on th o 
question whether air or water exist anywhere upon or 
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within her, have not as yet led to any satisfactory in- 
ferences as to her past history. Wo see the traces of 
tremendous suhlunarian disturbances (using the word 
‘ suhlunarian,’ here and elsewhere, to correspond to the 
word ‘ subterranean ’ used with reference to the earth), 
and we find some features of resemblance between the 
effects of such disturbances and those produced by the 
subterranean forces of our earth ; but wo find also as 
marked signs of differenee between the features of the 
lunar and terrestrial crusts. Again, comparing tho 
evidences of a lunar atmosphere with those which wo 
should expect if an atmosphere like our own suriounded 
the moon, we are able to decide, with some degree of 
confidence, that the moon has either no atmosphere or 
one of very limited extent. But there our knowledge 
comes to an end j nor does it seem likely that, by any 
contrivances man can devise, the further questions 
which suggest themselves respecting the moon’s condi- 
tion can be answered by means of observation. 

Yet there are certain considerations respecting tho 
moon’s past history which seem to mo likely, if duly 
weighed, to throw some light on tho difficult problems 
presented by her for our study. 

In the first place, it is to be noted that the peculiar 
relation between the moon’s rotation and revolution 
possesses a meaning which has not hitherto, so far as I 
know, been considered. Wo know that noio there ia 
an absolutely perfect agreement between the moon’s 
rotation and revolution,— in this respect, that her moan 
period of rotation on her axis is exactly equal to her 
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mean period of revolution, (Here either sidereal rota-^ 
tion and revolution or synodical rotation and revolution 
may be understood, so long as both revolution and rota- 
tion are understood to be of the same kind.) I say 
^ mean period of rotation,’ for although as a matter of 
fact it is only the revolution which is subject to any 
considerable variation, the rotation is also not perfectly 
uniform* We know, furthermore, that if there had 
been, long ago, a near agreement between the mean 
rotation and revolution, the present exact agreement 
would have resulted, through the effects of the mutual 
attractions of the earth and moon. But, so far as I 
know, astronomers have not yet carefully considered the 
question whether that close agreement existed from 
the beginning, or was the result of other forms of 
action than are at present at work. If it existed from 
the beginning, — that is, from the moon’s first existence 
as a body independent of the earth, — it is a matter 
requiring to be explained, as it implies a peculiar rela- 
tion between the moon and earth before the present 
state of things existed. If, on the contrary, it has been 
brought about by the amount of action which is now 
gradually reducing the earth’s rotation-period, we have 
first of all to consider that an enormous period of time 
has been required to bring the moon to her present 
condition in this respect, and secondly, that either an 
ocean existed on her surface or that her orust was once 
in so plastic a condition as to be traversed by a tidal 
wave resembling, in some respects, the tidal wave in 
our own ocean. This, at any rate, is what we must; 
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believe if we suppose, first, that the main cause of the 
lengthening of the terrestrial day is the action of the 
tidal wave as a sort of brake on the earth s rotating 
globe, and secondly, that a similar caxise produced the 
lengthening of the moon’s day to its present enormous 
duration. It may be, as we shall presently see, thntother 
causes have to be taken into account in the moon s case. 
Now we are thus, either way, brought to a consider- 
ation of that distant epoch when— according to the 
nebular theory, or any admissible modification of it — 
the moon was as yet non-existent as an orb distinct from 
the earth. We must suppose, on one theory, that the 
moon was at that time enveloped in tlie nebulous ro- 
tating spheroid out of which the earth was to bo formed, 
she herself (the moon) being a nebulous sub-spheroid 
within the other, and so far coerced by the motion 
of the other that her longer axis partook in its motion 
of rotation. Unquestionably in that case, as the ter- 
restrial spheroid contracted and left the other as a 
separate body, this other, the lunar spheroid, would 
exhibit the kind of rotation which the moon actually 
possesses, On the other theory, we should be led to 
suppose that primarily the lunar spheroid rotated in- 
dependently of its revolution} but that the earth’s 
attraction acting on the outer shells, after they had be- 
come first fluid and then (probably) viscous, produced 
waves travelling in the same direction as the rotation, 
but with a continual brake-action, tending slowly to 
reduce the rotation until it had its present value, whep 
dynamical equilibrium would be secured. 
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But, as I have said, in either case we must trace 
back the moon^s history to an epoch when she was in a 
state of intense heat. And it seems to me that we are 
thus led to notice that the development of the present 
state of things in the moon must have taken place 
during an era in the history of the solar system differing 
essentially from that which prevailed during the later 
and better-known geological eras of our own earth. Our 
moon was fiAapec?, so to speak, when the solar system 
itself was young, when the sun may have given out a 
much greater degree of heat than at present, when 
Saturn and Jupiter were brilliant suns, when even our 
earth and her fellow minor planets within the zone 
of asteroids were probably in a sunlike condition. 
Putting aside all hypothesis, it remains clear that, 
to understand the moon’s present condition, we must 
form some estimate of the probable condition of the 
solar system in distant eras of its existence i for it was 
in such eras, and not in an era like the present, that she 
was modelled to her present figure. 

It appears to me that we are thus, to some extent, 
freed from a consideration which has proved a difficulty 
to many who have theorised respecting the moon. It has 
been said that the evidence of volcanic action implies 
the existence, at least when that action was in progress, 
of an atmosphere capable of supporting combustion, — 
in other words, an atmosphere containing oxygen, for 
other forms of combustion than those in which oxygen 
plays a part may here be dismissed from consideration. 
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liut Mio fiery heat of the moon’s substance may have 
been mainlined (in the distant eras to which we are 
now referring the formation of her crust) without com- 
biiation. Taking the nebular hyiiothesis as it is com- 
monly presented, the moon’s globe may have remained 
amid the intensely hot nebulous spheroid (which was 
one day to contract, and so form the globe of the 
earth) until the nebula left it to cool thenceforth rapidly 
to its present state* Whatever objections suggest them- 
selves to such a view are precisely the objections which 
oppose themselves to the simple nebular hypothesis, and 
may be disposed of by those who accept that hypothesis, 
hut better, to my view, it may be reasoned, that 
the processes of contraction and of the gathering in of 
matter from without, which maintained the heat of the 
nebulous masses, operated to produce all the processes 
of disturbance which brought the moon to her present 
condition, and that thus there was not necessarily any 
<5{>nibustion whatever# Indeed, in any case, combustion 
can only have commenced when the heat had been so far 
reduced that any oxygen existing in the lunar spheroid 
would enter into chemical combination with various 
components of the moon’s glowing substance. If there 
were no oxygen (an unlikely supposition, however), the 
moon’s heat would nevertheless have been maintamed 
so long as the contraction of the moon’s substance on the 
nucleus continued to supply the requisite mechanical 
sources of hoat-generation. In this case there would 
not necessarily have been any gaseous or vaporous 
matter, other than the matter retained in the gaseous 
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condltto bj mrnMy ot heat, and becoming 

and afterwards solid so soon as the hoot was suairaeutly 

reduced. 

Xohhing hitherto advanced 
satisfactorily the structure of 
mountain-ranges on the moon, 
were once great lakes seems open to dinicultics at 
least as grave as the one I have just considered, and to 
this further objection, that it affords no explanalioii of 
the circular shape of these lunar regions. On thu 
other hand. Sir John Herschel’s account of the appear- 
ance of these craters is not supported by any reasoning 
based on our knowledge of the actual oironmstnnco.s 
under which volcanic action proceeds in the case of 
our own earth. ‘ The generality of the lunar moun- 
tains,’ he says, ‘present a striking niiiformity and 
singularity of aspect. They are wonderfnlly numerous, 
occupying by far the larger portion of the surfaeo, and 
almost universally of an exact circular or cup-sliapod 
form, foreshortened, however, into ellipses towards the 
limb; but the larger have for the most part flat 
bottoms within, from which rises centrally a small, 
steep, conical hill. They offer, in short, in its highest 
perfection, the true volcanic character, as it may bo 
seen in the crater of Vesuvius ; and in some of the 
piincipal ones, decisive marks of volcanic stratification, 
arising from successive deposits of ejected matter, 
may be clearly traced with powerful telescopes. What 
is, moreover, extremely singular in the geology of tho 
moon is, that although nothing having the character 
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of H0U3 can bo traced ffor the dusty spots which are 
commonly called seas, when closely examined, present 
upptMimnoes incouipatible with the supposition of deep 
waier), yet tliere are large regions perfectly level, and 
appiinmtly of a decided alluvial character/ 

It is obvious that in this description we have, 
besidcjs those features of volcanic action which might, 
perl laps, be expected on the moon, a reference to fea- 
tures cssentiiilly terrestrial. Alluvial deposits can have 
no existence, for example, save where there ax*e rivers 
and seas, us well as an atmosphere within which clouds 
may form, wlioncorain may be poured ui^ou the surface 
of wide land regions. It is not going too far to say 
that we have the clearest evidence to show that in the 
moon none of these conditions are at present fulfilled, 
But it is probable that in former ages lunar oceans and 
seas and a lunar atmosphere may have existed j though 
it is certain that most of the evidence we have is 
m^gabive, save only those extremely doubtful signs of 
glacier action recognised by Professor Frankland, I 
venture to cpioto from Guillemin’s heavens* a state- 
incut of Frankland’s views, in order that the reader 
may mo on how' slender a foundation hypotheses far 
more startling than the theory I have suggested have 
been based by a careful reasoner and able physicist* 
‘Ih’ofoHSor Frankland believes,’ says the account — 
^ and his belief rests on a special study of the lunar 
surface— that our satellite has, like its primary, also 
passed through a glacial epoch, and that several, at 
least, of the valleya^ rillsy and sireahe of the lunar 
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surface are not improbably due to former glacial 
action. Notwithstanding the excellent definition of 
modem telescopes, it could not be expected that other 
than the most gigantic of the characteristic details 
of an ancient glacier-bed would be rendered visible. 
What, then, may we expect to see ? Under favourable 
circumstances, the terminal moraine of a glacier at- 
tains enormous dimensions; and consequently of all 
the marks of a glacier valley, this would be tbe one 
most likely to be first perceived. Two such terminal 
moraines, one of them a double one, have appeared 
to observers to be traceable upon the mooii^a surface, 
The first is situated near the termination of the re^ 
markable streak which commences near tbe base of 
Tycho, and passing under the south-eastern wall of 
Bullialdus, into the ring of which it appears to cut, is 
gradually lost after passing Lubiniezky. Exactly oppo- 
site this last and extending nearly across the streak in 
question, are two iddges forming the arcs of circles 
whose centres are not coincident, and whose external 
curvature is towards the north. Beyond tbe second 
ridge a talus slopes gradually down northwards to the 
general level of the lunar surface, the whole presenting 
an appearance reminding the observer of the concentric 
moraines of the Rhone glacier. These ridges are visible 
for tbe whole period during which that portion of the 
moon’s surface is illuminated j but it is only about the 
third day after the first quarter, and at the con^espond- 
ing phase of the waning moon, when the sun’s rays, 
falling nearly horizontally, throw the details of this 
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part of the surface into strong" relief, and these appear- 
ances suggest this explanation of them. The other 
i^iclgo answering to a terminal moraine, oceux’s at the 
noxthern extremity of that magnificent valley which 
rims past the eastexm edge of Eheita.’ 

Here are two lunar features of extreme delicacy, 
and certainly not incapable of being otherwise explained, 
refeiTed by Frankland to glacier action. It need hardly 
be said that glacial action implies the existence of 
water and an atmosphere on the moon ; and not only 
BO, but there must have been extensive oceans, and an 
atmosphere nearly equal in density to that of our own 
earthy if the appearances commented upon by Frank- 
land wore due to glacial action. It is admitted by 
Frankland, of course, that there is now no evidence 
whatever of the presence of watei*, ^ but, on the con- 
trary, all selenogi'aphical observations tend to prove 
its absence. Nevertheless,^ proceeds the account from 
which I have already quoted, ^the idea of former 
aqueous agency in the moon has received almost ttm- 
versal acceptation^ (the italics are mine). ‘It was 
entertained by Gniithuisen and others. But, if water 
at one time existed on the surface of the moon, whither 
has it disappeared ? If we assume, in accordance with 
the nebular hypothesis, that the portions of matter 
composing respectively the earth and the moon once 
possessed an equally elevated temperature, it almost 
necessarily follows that the moon, owing to the compa- 
rative smallness of her mass, would cool more rapidly 
than the earth ; for whilst the volume of the moon is 
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11 , at ot thu earth. Thi. eooliog of the m,i»» of I 
moon mustj in accordiince with all antilogy, nivo n 
attended Avitli contraction, which can scarcely bo con- 
ceived as occurring without the devcloinnon o 
cavernous structure in tho interior. Much _ of I _ 
cavernous structiu'c would doubtless couinuiuK'nle. Ity 
lueaus of fissures, with the surface, and thus (bo»o 
would be provided an internal receptade for the occim, 
from the depths of which even the burning sun of t bo 
long lunar day would be totally unable^ to dislodgo 
more than traces of its vapour. Assuming the solnl 
mass of the moon to contract on cooling at tho HUiiiu 
rate as granite, its refrigeration, though only 180 I’ >, 
would create cellular space equal to nearly fouvtorii 
and a half millions of cubic miles, which would In^ 
more than sufficient to engulf the whole of tho hiiini 
oceans, supposing them to bear the same proportion I o 
the mass of the moon as our own oceans bear to that of 


the earth.* 

A similar theory was earlier propounded by 
man in G-ermany and by Sterry Hunt in Aiiicriija, 
while more recently the theory has boon advuiiui^il 
(independently, no doubt) by Stanislas Meunior in 
France. It should he^oted that actual cavities oaiiuob 
be supposed to form in the interior of a cooling ghibo 
like the moon, or anywhere except near the surfaco"- 
that is, within a distance not exceeding, perhaps, soiiiO 
twenty or thirty miles. For the pressure existing ut 
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depths would render tlie hardest solids plastic, 
HO t lint, though tlioir molecular condition would still he 
that uF solid bodies, they would behave (under that 
PIVHHIUHO as fluids. Cavities could no more form in 
cooling solid mutter under such pressure than they 
( iiuhl lonn in cooling fluids. The only kind of spaces 
\\hJ(!h {;ould form for the reception of tha lunar waters 
\souhl h(j (jaj)illiu’y spaces like those in certain porous 
snliil bodies. 

1 lu^ great objcjction to tliis view of the moon’s past 
history consists in the difficulty of accounting for the 
Imiiir atniospliero. It must bo remembered that, owing 
to the Hinallucss of tlio moon’s mass, an atmosphere 
composed in the same way as ours would have a much 
gK alter depth compared with its density at the mean 
level of the moon^s surface than our atmosphere pos- 
KOHSOH compared with its pressure at the sea-level. If 
tli(U*o were exactly the same quantity of air above each 
H<|Uar(^ mile of tlio moon’s surface as there is above 
ciudi square mile of the earth’s surface, the lunar air 
would not only extend to a much greater height than 
ours^ Imt \YOuld bo much l( 3 ss dense at the moon’s sur- 
fiico. The atmosplieric pressuro would in that case be 
uboiifc 1-Otli that at our sea-level, and instead of the 
low(n* half of such an atmosphere (that is, the lower 
half in actual quantity of air) lying within a distance 
of about 3J^- miles from tliomean surface, as iii the ease 
of our earth, it would extend to a distance of about 22 
I II lie H from the surface. Now this reasoning applies 
with increased force to the case of an atmosphere 
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contained within the cavernous interior of the moon, for 
there the pressure due to the attraction of the moon’s 
mass would be reduced. It is very diflficult to conceive 
that under such circumstances room would not only 
exist for lunar oceans, but for a lunar atmosphere occu- 
pying, one must suppose, a far greater amount of space 
even before its withdrawal into these lunar caverns, 
and partially freed from pressure so soon as such with-' 
drawal had taken place. That the atmosphere should 
be withdrawn so completely that no trace of its exist- 
ence could be recognised, does certainly appear very 
difficult to believe, to say the least. 

Nevertheless, it is not to be forgotten that, so far 
as terrestrial experience is concerned, water is abso- 
lutely essential to the occurrence of volcanic action* 
If we are to extend terrestrial analogies to the case of 
our moon, notwithstanding the signs that the conditions 
prevailing in her case have been very different from 
those existing in the case of our earth, we are bound to 
recognise at least the possibility that water once existed 
on the moon. Moreover, it must be admitted that tho 
theory seems to accord far better with lunar facts than 
any of the others which have been advanced to account 
for the disappearance of all traces of water or air. Tho 
theory that oceans and an atmosphere have been drawn 
to the farther side of the mooU cannot be entertained 
when due account is taken of the range of the lunar 
librations. Sir John Herschel, indeed, once gave 
countenance to that somewhat fanciful theory; but 
he admitted, in a letter addressed to myself, that the 
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olyGctiou I had based on the circumstances of libration 
>Yas sufficient to dispose of the theory. The hypothesis 
that a comet had whisked away the lunar oceans and 
atmosphere does not need serious refutation ; and it is 
difficult to see how the theory that lunar seas and 
lunar air have been solidified by intense cold can be 
maintained in presence of the fact that experiments 
made with the Itosse 3 -feet mirror indicate great 
intensity of heat in the substance of those parts of the 
moon which have been exposed to the full heat of the 
sim during the long lunar day. 

If there ever existed a lunar atmosphere and lunar 
seas, then Seeman’s theory seems the only available 
means of accounting for their disappearance. Accord- 
ingly we must recognise the extreme interest and im- 
portance of telescopic researches directed to the inquiry 
whether any features of the moon’s surface indicate the 
action of processes of weathering^ whether the beds of 
lunar rivers can anywhere be traced, whether the shores 
of lunar seas can be recognised by any of those features 
which exist round the coast-lines of our own shores. 
One circumstance may be remarked in passing, If 
the multitudinous lunar craters were formed before the 
withdrawal of lunar water and air into the moon’s inte- 
rior, it is somewhat remarkable that the only terrestrial 
features which can be in any way compared with them 
should be found in regions of the earth which geologists 
regard as among those which certainly have not been 
exposed to denudation by the action of the sea. Thus 
Sir John HeFsehel, speaking of the extinct volcanoes ol 
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Puv de Dfime, remarks that here the observer 
magnificent series of volcanic cones, fiolcls 
jre-infs of lava, and basaltic terraces or platfoiniH, 
Iwing the volcanic action to have boon continncl iov 
lountlL ages before the present sm-faeo of the omil 
,v„s formed ; here can be seen a configuration of surfaiio 
,uitc resembling what telescopes show in the most vo - 
Liie districts of the moon; for halt the moon » fai^) .« 
covered with unmistakable craters of extinct volcanoes^ 
Hut Lyell, speaking of the same volcanic chams, dc- 
fcribes them as regions ‘ where the ernptionof volcanm 
matter has taken place in the open air, and where the 
.arface has never since been subjected to great aqueous 
(knndation.’ If all the craters on the moon helongml 
to one epoch, or even to one era, we might regard them 
as produced during the withdrawal of the lunar occniiH 
within the still heated substance of our satellito. Jbit- 
it is manifest that the processes which brought thti 
inoonV surfoee to its present condition must have occu- 
pied many ages, during wMch tliG craters formed oarUost 
Avonld be exposed to the effects of deiuidatioiij aiul t<^) 
other p)rocesses of which no traces can be rocogniiiiMli 
It is not likely, however, that the withdrawal uf llio 


lunar oceans into the moon’s cavexmons interior can 
have taken place suddenly. Up to a certain epoch \\io 
entry of the waters within the moon’s muss would bo 
impossible, owing to the intense heat, which, by maiu- 
taiiiiiig the plasticity of the moon’s substance, would 
prevent the formation of cavities and fissures, while any 
water brought into contact with the heated interior 
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would afc once be vaporised and driven away. But 
when once a condition was attained which rendered tbo 
formation of cavities j)ossible, the contraction of the 
moon’s substance would lead to the gradual increase of 
such cavities, and so, as time proceeded, room would be 
formed for all the lunar oceans. 

We are next led to the inquiry whether the contrac- 
tion of the moon’s substance may not have played the 
most important part of all in producing those pheno- 
mena of disturbance wliich are presented by the moon’s 
surface. Quito recently the eminent seisinologist Mallet 
has propounded a theory of terrestrial volcanic energy,’ 
which not only appears to account—far more satisfac- 
torily than any hitherto adopted — for the phenomena 
presented by the earth’s crust, hut suggests considera- 
tions which may be applied to the case of the moon, 
and in fact are so applied by Mallet himself. It behoves 
ns to inquire very carefully into the bearing of this 
theory upon tho subject of lunar seismology, and there- 
fore to consider attentively the points in which the 
tlicory differs from those hitherto, adopted. 

Mallet dismisses first the chemical theory of vol-; 
canio energy, because all known facts tend to show that, 
the chemical energies of the materials of our globe were 
almost wholly exhausted prior to the consolidation of 
its surface. This may be regarded as equally applicable 
to tho ease of the moon. It is difficult to see how the 
surface of the moon can have become consolidated 
while any considerable portion of the chemical activity 
of her materials remained unexhausted. 
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^ The mechanical theory,^ proceeds Mallet, ^ which 
finds in a nucleus still in a state of liquid fusion a store 
of heat and of lava, &c,, is onlj' tenable on the admis- 
sion of a very thin solid crust 5 and even through a 
crust but 30 miles thick, it is difficult to see how sur- 
face-water is to gain access to the fused nucleus i yet 
without water thm^e can be no volcano* More recent 
investigation on the part of mathematicians has been 
supposed to prove that the earth’s crust is not thin.’ 
He proceeds to show that, without attaching any great 
weight to these mathematical calculations, there are 
other grounds for believing that the solid crust of tho 
earth is of great thickness, and that ^ although there 
is evidence of a nucleus much hotter than the crust, 
there is no certainty that any part of it remains liquid ; 
but if so, it is in any case too deep to render it conceiv- 
able that surface-water should make its way down to it. 
The results of geological speculation and of phyeico- 
mathematical reasoning thus oppose each other; so 
that some source of volcanic heat closer to the surface 
remains to he sought. The hypothesis to supply this, 
proposed by Hopkins and adopted by some, viz. of iso- 
lated subterranean lakes of liquid matter, in fusion at 
no great depth from the surface, remaining fused for 
ages, surrounded by colder and solid rock, and with (by 
hypothesis) access of surface-water, seems feeble and 
unsustainable.’ 

Now in some respects this reasoning is not applicable 
to the moon, at least so far as real evidence is concerned ; 
though it is to be noticed that, if a case is made out for 
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any cause of volcanic action on. the eartli> we are led by 
analogy to extend the reasoning (or at least its results) 
to the ease of the moon. But it may be remarked that 
the solidification of the moon's crust must have pro- 
ceeded at a more rapid rate than that of tho earth Sj 
while the proportion of its thickness to the volume of 
the fused nucleus would necessarily bo greater for the 
same thickness of the crust. The question of the access 
of water brings us to the difficulty already considered, 
— the inquiry, namely, whether oceans originally existed 
on the moon* For the moment, however, I forbeai 
from considering whether Mallet's reasoning must ne- 
cessarily be regarded as inapplicable to the moon if it 
should be asserted that there never were any lunar 
oceans. 

We come now to Mallet's solution of the problem of 

terrestrial volcanic energy. 

We have been so long in the habit of regarding 
Volcanoes and earthquakes as evidences of the earth's 
subterranean forces, — as due, in fact (to use Humboldt's 
expression), to the reaction of tho earth's interior upon 
its crust, — that the idea iiresents itself at first sight as 
somewhat startling, that all volcanic and seisinio phe- 
nomena, as well as the formation of mountain -ranges, 
have been due to a set of cosmicnl forces called into 
play by the co^tv(iotio% of our globe. According to tho 
new theory, it is not the pressure of matter under the 
crust outwards, but the pressure of the earth's crust in- 
wards, which produces volcanic energy. Nor is this 
merely substituting an action for reaction, or vice vmQ,, 
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According to former views, it was the inability of tlie 
crust to resist pressure from within which led to vol- 
canic explosions, or which in'oduced earthqnalce-throes 
Y’here the safety-valve provided by volcanoes was not 
supplied. The new theory teaches, in fact, that it is a 
deficiency of internal resistance, and not an excess, 
which causes these disturbances of the crust. ‘The 
contraction of our globe,’ says Mallet,^ ‘has been mot, 
from the period of its fluidity to its present state, — > 
first, by deformation of the spheroid, forming generally 
the ocean-basins and the land i afterwards by the fold- 
ings over and elevations of the thickened crust into 
mountain-ranges, &c. ; and, lastly, by the mechanism 
which gives rise to volcanic actions. The theory of 
mountain-elevation proposed by C. Provost was the only 
true one — that which ascribes this to tangential pres- 
sures propagated through a solid crust of sufiicienb 
thickness to transmit them, these pressures being pro- 
duced by the relative rate of contraction of the nucleus 
and of the crust i the former being at a higher tempe- 
rature, and having a higher coefficient of contraction 
for equal loss of heat, tends to shrink away from beneath 
the crust, leaving the latter partially unsupiiorted. 
This, which during a much more rapid rate of cooling 
from higher temperature of the whole globe, and from 
a thinner crust, gave rise in former epochs to inountain- 

* I quote throughout from an abstract ol Mullet's pnpor in tho 
I*hUoBoj?Maal Magazine for December, 1872, Tho words are pro- 
bably, for tho most part. Mallet's own \ but I huvo not tho original’ 
paper by me for reference, I believe, howovoi'i that tho abstrnot is 
from his own pen. 
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elevatiOD, in the present state of things gives rise to 
volcanic heat/ By the application of a theorem of Ln-< 
grange, Mr. Mallet proves that the earth’s solid crust, 
however great may be its thickness, ^and even if of 
materials far more cohesive and rigid than those of 
which wo mnst suppose it to consist, must, if even to 
a very small extent left unsupported by the shrinking 
away of the nucleus, crush up in places by its own 
gravity, and by the attraction of the nucleus. This is 
actually going 0115 and in this partial crushing,’ at 
places or depths dependent on the material and on con- 
ditions which Mr. Mallet points out, he discerns ^the 
true cause of volcanic heat/ As the solid crust sinks 

1 * In ovflor to test tlio validity of his theory by contact with 
known facta’ (says tlio Philosoj}hioal Magazlno)^ *Mr, Mallet gives 
in detail two impovtiint series of oxporinieiita completed by him ; — 
tlio oi\o on the actual amount of heat capable of being developed 
l>y the crushing of sixteen ditforont species of rocks, chosen so as to 
1 )(^ vopresentativo of the whole series of known rock-formations, 
from oolitcfj down to the hardest crystalline rocks; the other on 
I ho coc(li(iionts of total contraction between fusion and solidification, 
at cxivSting mean temperature of the atmosphere, of basic and acid 
slags nnalogoua to melted rocks, The latter experiments were 
coivluolcd on a very largo scalo ; and the author points out the 
groat errors of preceding experimenters, Jiischoff and others, na to 
iheso (io(3nioionlB, By the aid of tlioao experimental data, he is 
enabled to tost tlio theory produced when compared with such facts 
(IS wo possess ns to the rate of present cooling of our globe, and tlie 
toml annual amount of volcanic action taking place upon its surface 
and within its crust. Ho shows, by oslimates which allow an 
lunplo margin to tlio best data wo possess as to the total anminl 
vuloauioity, of all sorts, of our globe at present, that less than one- 
fourlh of tho total heat at present annually lost by our globe is 
upon his theory sulllcicnt to account for it; so that tho secular 
cfuillng, small as it is, now going on, is asumdont primim woUUx 
leaving tho grcaior portion still to bo dissipated by radiation. 
Tho aullior then brings his views into contact with known facts of 
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together to follow down after the shrinking nucleus , the 
work expended in mutual crushing and dislocation tf 
its parts is tramformed into heat^ by which, at the 
places where the crushing sufficiently takes place, the 
material of the rock so crushed and of that adjacent to 
it are heated even to fusion* The access of water to 
such points determines volcanic eruption. Volcanic 
heat, therefore, is one result of the secular cooling 
of a terraqueous globe subject to gravitation, and 
needs no strange or gratuitous hypothesis as to its 
origin*’ 

It is readily seen how important a bearing these 
conclusions have upon the question of the moon’s con- 
dition, So far, at any rate, as the processes of contrac- 
tion and the consequent crushing and dislocation of the 
crust are concerned, we see at once that in the case of 
the moon these processes would take place far more ac- 
tively than in the earth’s case* For the cooling of the 
moon must have taken place far more rapidly and 
the excess of the contraction of the nucleus over that of 
the crust must haVe been considerably greater. Siore- 
over, although the force of gravity is mucli less on the 
moon than on our earth, and therefore the heat deve- 
loped by any process of contraction correspondingly 
reduced, yet, on the one hand, this would probably be 

▼ulcanology and seismology, showing their accordnneo. Ho also 
shows that to the heat developed by partial tangential thrusts 
within the solid crust are due those perturbations oil hypogeal 
increment of temperature which Hopkins has shown cannot bo 
referred to a cooling nucleus and to differences of conduotlvity 
alone/ 
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more than compensated by the greater activity of the 
Umar contraction (i.e. by the more rapid reduction of 
the moon’s heat), while, on the other, tlm resistance to 
bo encountered in the formation of elevations by t is 
process would bo reduced precisely in the same propor- 
tion that gravity is less at the moon’s surface. It is 
important to notice that, as Mr. Mallet bimseU points 
out, his view of the origin of volcanic heat ‘ is indepen- 
dent of any particular thickness being assigned to the 
earth’s solid crust, or to whether there is at present a 
liquid fused nucleu8,-all that is necessary being a 
hotter nucleus than crust, so that the rate of contraction 
is greater for the former than for the latter.’ More- 
over, ‘as the play of tangential pressures has elevated 
the mountain-chains in past epochs, the nature of the 
forces employed sets a limit ’ to the possible height of 
mountains on our globe. This brinp Mr. Mallet’s 
views into connection with ‘vulcanioity produced in 
like manner in other planets, or in our own satellite, 
and supplies an adequate solution of the Bingnlar, and 
BO far unexplained fact, that the elevations upon our 
moon’s surface and the evidences of former volcanie 
activity are upon a scale so vast when compared with 
those upon our globe.’ 

All that seems wanted to make the explanation of 
the general condition of the moon’s surface complete, 
according to this theory, is the presence of water in 
former ages, over a large extent of the moon’s surface, 
^xmlm we combine with the theory of contraction 
the further supposition that the downfall of largo 
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masses on the moon produced that local fusion which 
necessary to aceoiint for the crateriform surface-contour. 

It is impossible to contemplate the great mountain- 
ranges of the moon (as, for instance, the Apennines 
under fiivourable circumstances of illnmination) with- 
out seeing that Mallet’s theory accords perfectly with 
their peculiar corrugated aspect (the same aspect, 
doubtless, which terrestrial mountain-ranges would 
exhibit if they could be viewed as a whole from any 
suitable station). Again, the aspect of the regions 
surrounding the great lunar craters — and especially the 
well-studied crater Copernicus — accords closely, when 
sufficient telescopic power is employed, with the theory 
that there has been a general contraction of the outer 
crust of the moon, resulting in foldings and cross-fold- 
ings, wrinkles, corrugations, and nodules. But the 
multiplicity of smaller craters does not seem to be ex- 
plained at all satisfactorily ; while the present absence 
of water, as well as the want of any positive or direct 
evidence that water ever existed upon the moon, com- 
pels us to regard even the general condition of the 
moon's surface as a problem which has still to be ex- 
plained. If, however, it be admitted that the processes 
of contraction proceeded with sufficient activity to in’O- 
dnee fusion in the central part of a great region of con- 
tracting crust, and that the heat under the crust 
sufficed for the vaporisation of a considerable portion 
of the underlying parts of the moon’s substance, we 
might find an explanation of the great craters like 
Copernicus, as caused by true volcanic action. Tho 
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masses of vapourj however, which, according to that 
view, sought an outlet at craters like Copernicus must 
have been enormous* Almost immediately after their 
escape they would be liquefied, and flow down outsider 
the raised mouth of the crater. According to this view 
we should see, in the floor of the crater, the surface of 
what had formerly been the glowing nucleus of the 
moon : the masses near the centre of the fl:or (in so 
many cases) might he regarded as, in some instances, 
the cUbria left after the great outburst, and in others as 
the signs of a fresh outburst proceeding from a yet 
lower level; while the glistening matter which lies all 
round many of the monster craters would he regarded 
as the matter which had been poured out during the 
outburst* 

We need not discuss in this connection the minor 
phenomena of the moon^s surface. It seems evident 
that tho riUes^ and all forms of fauUa observable on 
the moon's surface, might bo expected to result from 
such processes of contraction as, Mallei's theory deals 
with. 

It IS, in fact, the striking features of tho moon's 
disc — those which are seen when she is examined with 
comparatively low telescopic powers — which seem to 
tax most severely every theory which has yet been ad- 
vanced. The clustering craters, which wore compared 
by G alileo to ‘ eyes upon the j)eacoGk'B tail,* remain un- 
accounted for hitherto ; and so do tho great dark regions 
called seas. Mallet's theory explains, i)orhapS 5 tho 
varieties of level observed in the moon's surface-contour^ 
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but the varieties of tint and colour remain seemingly 
inexplicable. 

There is one feature of the lunar globe which pre-* 
sents itself to us under a wholly changed aspect if wo 
adopt Mallet’s theory. I refer to the radiations described 
at pp, 177-182. According to any theory which ac- 
counted for these features as due to intenial forces 
acting outwards, it was exceedingly diffieult to inter- 
pret the fact that along the whole length of these rays 
there can be observed a peculiar difference of brightness 
under direct illumination, while, nevertheless, such 
features of the surface as craters, mountain-ranges, 
plains, and so on, extend unbroken over the rays. I 
do not know that the theory of contraction serves to 
meet the difficulty completely ; in fact, the difference 
of tint in the rays, and the circumstance that the rays 
can only be well seen under full illumination, appear to 
me to be among the most perplexing of the many per- 
plexing phenomena presented by the moon’s surface. 
But so far as the mere formation of radiations of enov** 
mous length is concerned, it seems to me that we have 
a far more promising interpretation in the theory of 
contraction than in any theory depending on the action 
of sublunarian forces. For whenever an outer crust ia 
forced to contract upon an enclosed nucleus a tendency 
can be recognised to the formation of radially-arranged 
corrugations. Nevertheless, it may be questioned 
whether — when this tendency is most clearly recognised 
—there is not always present some centre of resistance 
round which the radiations are formed ; and it is not 
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dlfliculfc to SGG Ilow suclx centres of resistfinco would 
exist in the case of the lunar crust. Wo certainly 
cannot very naturally entertain the notion that matt, or 
arriving from without has produced those sublunariau 
hiots^ if one may so speak^ whose presence is not directly 
discernible, but is nevertheless strikingly indicated at 
the centres of some of those scries of radiating streaks. 

The circumstance already referred to, that these 
rays can only be well seen when the moon is full, has 
long and justly been regarded as among the most mys- 
terious facts known respecting the moon* It is difficult 
to understand how the iieculiarity can bo explained as 
due merely to a difference of surface-contour in the 
streaks 5 for it is as perplexing to understand how the 
neighbouring regions could darken from this cause just 
before full moon, and remain relatively dark during two 
or three days, as to explain the peculiarity by supposing 
that the rays themselves grow relatively bright. It is 
true that there are certain surfaces which appear less 
bright under a full than under an oblique illumination, 
—using the words ^full ^ and ^ oblique ^ with reference 
to the general level of the surface. But the radiations 
occupy arcs of such enormous length upon the moon^s 
surface, that the actual illumination of different parts 
of the radiations varies greatly, and of course there is a 
like variation in the illumination of different parts of 
the regions adjacent* 

Before leaving the consideration of the evidonoe 
afforded by the moon’s disc respecting her past history, 

I deem it desirable to indicate the bearing of certain 

u 
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reoMt inquWe., and eaiK^lally of mtain goolosicnl 

discoveries, upon this interesting , ^vhieli 

In two directions results have been obtain.id vine i 

enable us to examine with advantage tie 
pvobleins presented by the surfaeo of the inooi. On 
the one hand, astronomical observations on W . 
very different class-the stars-have correcled the 
idea that the various orbs peopling spaec m e pio y 

tied of very different materials. ^oweU was 

iK-rhaps the last to maintain this doctiiiio { 

1 Plurality of Worlds’), though wo still occasumal y 
hear a form of the doctrine advanced m the iideily 

Bpoctroscopio analysis to tlio y . ,g , nuoi>lkiiil 

wmmmm. 

r:,r. wX « . “f i'.' 

nSnomevin tho obsorvMory. lint will, .nony d'so.mn » ^1« 
sDCcial lines of rosoatoli this has not been tho caso. ll>o wo kcr» « 
oL field have been too busily employed lo nolo oil bov on tho oai 
hand tlie value of their rosulto for other (lolds than ''““'Y’"' m' hX 
tho other, tho advmuago they might obtain fro... 
own field other workers' rosnlts. llonco tlio necesslly, wliioli 
8po..oerm.d others have pointed o..t.for soientillo 
networking espeoinlly in any fipld, but having a gonoialknowKlgo 
orwratisgoi..go«in all. may note what the workors U.o..,«o1voh 
would bo apt to overlook,— tho general ratlior limn tho Biicolnl s 
niflonnoe of tho results obtaluod in the various Holds of soloi.llfio 
labour. 
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Hnteiiivblo theory that in the solar system the outer 

l)l!mets are formed of the lighter elements, the inner 

planets of the heavier, — a theory inconsistent with 

l)hysieal and d}/numical possibilities, We now see that 

in all probability all the orbs in space are aggregations of 

inatt(5r in which the various elements, though not present 

in precisely the same proportions, are yet not very 

diversely represented. This doctrine applied to the moon 

at once defines the general nature of the problems we 

have to deal with, and suggests the line on which their 

interpretation must be sought. On the other hand, 

geologists have recognised the fallacies underlying their 

old ideas respecting the formation of the various features 

of the earth’s surface-contour. 

They no longei* regard mountain ranges as portions 

of matter thrust upwards by the earth’s interior forces, 

or these interior forces as products of the interior fires 

of the earth. On the contrary, they regard the great 

mountains of the eai’th as among the latest products of 

the exterior forces, the action of sea, rain, wind, snow, 

and so forth — as resulting from processes of deposition 

in long trough-like hollo’ws, the deposited masses being 

(eventually raised by side pressures. Again, they no 

longer regard mountain ranges as the oldest but rather 

as among the very youngest features of the earth’s crust, 

the loftier mountains being younger generally than 

those of less elevation, while some of the smaller hills 

in certain regions are actually the wrecks of forms of 

olovation of which (at any rate on their old scale) no 

examples now remain upon the earth. Here, again, 
^ u 2 
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are changes of view which alter enlirely the character 
of the problems presented by tlio incKm’a poculiuint ics 
nf surface-contour, and may also servo to direct us to 
the proper lines of thought for their solution, as well 
as to new methods of observation for obtaining fresh 
evidence in regard to our companion planet. 

That the moon is, or rather has been, a planet there 
can be very little doubt, though whether she was ever 
a planet like our earth may be reasonably questioiied. 
She is now so utterly unlike the earth that it beeouu-s 
rather difficult to imagine that there was ever even 
such general resemblance as is implied in the reninvk 
that she was once a planet. Sho is not only and and 
airless, but even were sho. clothed with sea and air she 
would yet be utterly unlike the earth because of l ier 
long day of more than four weeks. We know, however, 
that that is a result of terrestrial influence,— and that 
in the fulness of time our earth must undergo a similar 
change. Indeed this peculiarity, telling ns as it docs 
of the immense age of the moon, enables ns inoio 
readily to understand her death-like surface. It show s 
us that the moon has existed long enough ns a planet 
to have aged and died, even as wo see she has. 

There is no difficulty, now, in understanding that 
even if formed as long ago, or later, the moon would 
have been much older than the earth. With 81 times 
as much mass and only 13^ times os largo a surface, our 
earth would have cooled through the various stages of 
her life much more slowly, — in foot each stage would 
have lasted just as much longer as 81 exceeds 13 j|-, or 
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bo Rix times as long. Suppose the earth and moon both 
white-hot 60 millions of years ago, then the moon would 
have roachecl the earth’s present stage SO millions of 
years ago, corresponding to 300 millions of years of 
earth-life, — so that the moon would tell us of the earth’s 
condition 300,000,000 years hence. And though this 
result is based on uasumptions, it yet presents truly the 
general inference we may safely form that the earth will 
not he in the same stage of planetary life as the moon 
for many millions of years, (If each stage of the earth’s 
life is six times as long as the corresponding stage of 
the moon’s, then — on any assumption whatever — the 
earth will only reach the moon’s condition after a period 
live times as long as the interval which has elapsed 
since they were both simultaneously in the same stage, 
or running neck and neck in the race of planetary life.) 

But even with this knowledge it remains difiScult to 
understand why the moon should be so unlike the earth. 
The waters of the earth may soak their way beneath 
the crust (as our underground caves, and even our hot 
wells and volcanic outbursts, show they are doing) till 
( hey all disax^pear. Our air can hardly, however, become 
thinned to the condition of the lunar air. And even if 
it did, and every trace of water had vanished, the earth 
would not be as the moon is. There are no great craters 
on the earth as on the moon, there are scarcely any 
groat mountain ranges on the moon as on the earth. In 
these chiefly, bub in other important respects also, the 
moon and the earth are so unlike that the umformi- 
tarian theory seems to faih * 
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But so soon as we apply to the moon the two lines 
of reasoning which were touched on above, we at once 
find reason for expecting just such differences as actually 
exist. Made of the same materials, pi'oportioned pro- 
bably in much the same way, the moon and the earth 
would have very different histories, To begin with, as 
we have just seen, the stages of the moon’s life would 
be very much shorter than those of the lifetime of our 
earth, and therefore, even under the same conditions, 
the power of producing great changes of contour would 
be far less in the moon’s case. But the conditions would 
not be the same. With 81 times as much matter, and 
presumably about 81 times as much water — spread over 
a surface only 13^ times as large — the earth would have 
had six times as much water per square naile as the 
moon s this would have made a great difference in the 
efficiency of all those forms of denuding action (and 
they are altogether the most important) which depend 
on the action of water in its various forms t it would 
also have greatly increased the duration of the action 
of these forces upon the earth, as compared with that 
of the action of the similar but much feebler forces on 
the moon. But an even more remarkable difference 
appears in regard to the probable density of the lunar 
air when she was passing through that stage of her life 
which corresponded with the present state of our earth’s 
life. For, while jn’ccisely the same reasoning would 
apply to the air, so that the quantity over each square 
mile of the moon would probably have been but one-sixth 
of the quantity over each square mile of the earth, that 
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quantity would have been compressed only by 
^ small force of lunar gravity, about one-sixth of tci- 
*^“<^Stviul gravity. Thus the density of the lunar air would 
evvq been but one-thirty-sixth of the density of the air 
livcathe. Air so tenuous as this would not only e 
to support life, it would hai'e very small efficiency 
u. denuding agent, whether we consider its nee 
O-Gtion, or its power in conjunction with water. 

On the whole, subaerial denudation on tho moon 
^ viat in all probability have been so exceedingly slow in 
its action, and the time during which it acted so ex- 
ceedingly short, that the wonder is how any denu a- 
tion at all can have taken place on the moon s sui ace* 
'VS^ o may probably ascribe such denudation as is indicated 
t-jy the condition of the crater-covered regions, and by 
t l\o aspect of the mountain ranges— indeed by the very 
existence of any mountain ranges at all-to the time 
^v^.en the lunar atmosphere, like the earth’s air m past 
fxges, was laden with carbonic acid (carbon dioxide), 
BTTlphuroiis acid, sulpburetted hydrogen, borncic acid, 
rvnd so forth. The earth’s air when so constituted wm 
iiTimensely more dense than it is at present,an( al the 
Tivocesses of denudation went on far more rapidly than 
tlxey have done since. The lunar atmosphere at that 
stane of the moon’s history was probably about as 
dense as our own atmosphere is now ; but even if less 
dense, its constitution and its liigh temperature ni con- 
Tiection with the high temperature of the crust wouh 
lead to changes at least as mpid and effective (while 
fclioy lasted) as those which have taken place on the 
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earth since the earliest ages of which geological records 
lemain, 

Thus, while we would not expect to, find the greut 
craters belonging to the early stages of the moon s 
vulcanian history converted into such wrecks as alono 
attest on this earth the former oxisteiico of similar 
terrestrial crater-mountains, we may yet fairly look for 
evidence of considerable denudation during the time, 
short-lasting though it may have been, when the moon s 
atmosphere and oceans were capable of doing c(r(icliv(i 
denuding work* Accordingly wo find that, while tlui 
immense craters remain still the most striking fcaturcH 
of the moon^s surface, they attest the action of subacriul 
denudation during a period which, though it may hiivc‘, 
been short compared with the corresponding period of 
our earth’s history, must still be measured by hundreds 
of thousands of years. 

And while the great craters, grand though their 
remains are compared with the mere wrecks which (as 
in Mull and Skye) remain to show on our earth how 
large terrestrial craters once were, show yet signs of 
denudation, we see also in lunar mountain ranges tlu‘. 
products of such denuding \vork. The great ranges 
called the Lunar Apennines attests, for oxainjsle, on 
the moon the long-continued action of denuding forces 
hy which the whole tract now occupied by the Sea of 
Serenity and the Sea of Showers was covertsd with 
matter worn by the action of sea and storm, river, rain, 
snow, and wind, from the surface of the lunar contincnl s 
around. In a vast trough-like dopvessiou running 
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atbmvrt whafc was once the lloor of an immense sea, 
covering both the great regions just named, the pro. 
ducts of denudation were deposited in gieatei quan i y 
than on either side. Then as the region thus heavily 
laden with deposited matter sank more and more 
deeply, the matter was collected, to the depth oi 
many miles, out of which the future mountain range 
was to be formed. When at length this process ceased, 
and the shrinking of the moon’s crust compelled this 
seam of sedimentary deposit to rise, forceil upwards by 
side pressure, the range of mountains rose, rounded 
and dome-shaped then, but presently to become in o 
the precipitous pinnacled forms now recognised m the 
Lunar Apennines. The side pressures no doubt generated 
enormous heat, converting the sedimentary strata into 
various kinds of crystalline roek, the harder raateruds 
resisting best the sUll active denuding forces of the 
lunar atmosphere, and forming the higher peaks of the 
ranc(6 as 'we know it now. 

But we see in the evidence of such denuding action 
the last important traces of suhaeriaUlenudation in the 
moon. Not there, as on this earth, have lands and sens 
interchanged after the manner described by Tennyson 
when he says— 

There rolls tho deep where grew the tree : 

Oh earth, what changes hast thou seen I 
Tliore, whore the loud stroot roars, hath boon. 

The allllncss o£ the central sea. 

The hills are shadows, and they flow 

From form to form, and nothing stnnds \ 

Iiiko mists thoy melt, the solid Innds, 

Like clouds they shape themselves and go. 
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One interchange of land and water, an<l one only, 
can be recognised on the moon. The lloors of tlio 
great seas tell of buried contineiitH. Tho very Hhapert 
of sand-covered (?raters, ns large as any now remainin^f 
uncovered, can be roeogiUHed — shadowy and ghost-like, 
but still clearly recognisable— in the broad dark tracks 
called seas, which doubtless are tlie lloors of what wnro 
once great lunar seas. 

Thus do tho most charactoristie foaiainss of (ho 
moon’s surface (except tho immense ray syslmns whicli 
belong to an earlier stage yet) find Halisfiietory inlcr- 
pretation in the coinparalive slua’tin'HS of the slagt^s of 
the moon’s vuleanian history. There are many grcnl. 
craters, hecaiiBO tliere was net lime or power (<> wear 
them clown. There are few great mounlain raiigi's, 
because there was nob time or power to fashion nmiiy. 
But some work was done in this way, and the broad, 
dark sea-ltoors attest tho energy with whieli for awliilo 
such work was done 5 while the ghosts of (a’afers liuriod 
teneath the sands of those lunar seas show tliat <11100, 
if no more, soaroplaeed land even in the nioen. 

It may bo woll, in conHidering thuso laoro delk-aln 
markings, to inquire Imw far it is probable (1) (ha(i 
real processes of change take plaeo on the moon’s sur- 
face, and (2) tluit it is to (dieso procKisses that wo own 
the greater or lesser distinetnoas with which coitaiu 
features present themselves. 

We have scon that Mr, Do la Kuo was led, by hia 
photographic researches into tlie moon’s eonditinii (for 
we may fairly thus describe his experience in linmr 
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I>liotogrnphy)j to tho conclusion that processes resem- 
bling vegetation take place on the mooU) the period 
during which the vegetation passes through its series 
of changes being a lunar month, and that the moon 
may have an atmosphere of great density, but of small 
extent* 

It is important to notice that photography shows 
tho light near the terminator to be less bright than 
it appears to tlm eye. It may be, of course, that the 
distinction resides mainly or entirely between the 
photographic power and tho luminosity of these por- 
tions ; there may, for example, be an excess of yellow 
light and a deficiency of green, while tho greater plio- 
tographio power of the parts under full solar illumina- 
tion may indicate an increase of green light due to 
some process of vegetation. It is, however, important 
to inquire whether the greater part of the clilferenco 
may not be due to a physiological cause 3 whether, in 
fact, the neighbourhood of the dark portion of the disc 
may not cause the illuminated parts near Die termi- 
nator to appear, through contrast, brighter than they 
really arc* 

On the answer which may be given to this (piOHtion 
depends, in a great degree (as it seoinB to me), tho 
opinion we are to form of those recent researches which 
have appeared to indicate that tho floor of Plato grows 
darker as the sun rises higher above it. Taking these 
researches in their general aspect, it cannot but be re- 
cognised that it is a matter of tho utmost importance 
to determine whether they indicate a real change or 



288 CONDITION OF THE MOON'S SURFACE. 

one which is only apparent. If it is really the ease tlnih 
Plato grows darker under a rising sun, we should 
to infer that in the case of Plato certainly, and probably 
in the case of other regions similarly idaccd, proooHHOPi 
of change take place in each lunation which coiTOspoiul 
(fairly) with what might be expected if these regions 
became covered with some sort of vegetation as the 
lunar month (or, w-hich is the same thing, the lunar 
day) proceeds. Other explanations— ineteorologi(^Jil, 
chemical, or mechanical — might indeed ho availiibb^ 
yet in any case conclusions of the utmost interest wo aid 
present themselves for consideration. 

It must bo remembered, however, that tliUH far 
these observations have been based on eye-estimations. 
Nothing has yet been done to apply any photoiuetrio 
test to the matter; nor has the floor of Pluto lu^eii 
brought alone under obsorvatiou, hut otliev light, cjf 
varying degrees of intensity, has ahvays been in lli(i 
field of view. Plato is seen bright when near the * tor- 
minator,^ and growing gradually darker as the sun riwos 
higher and higher above the level of the floor of tho 
crater. The point to be decided is, how far tlm bright- 
ness of Plato near the terminator is an effect of con t niKt. 
Photographic observations go far to prove (they at kuiHb 
strongly suggest) that contrast has much to do with tho 
matter, They show that, photographically, tluj ])aris 
near tho terminator arc not so bright as they loedc. 
May it not be that they look brigliter than they nm in 
reality? We have only to suppose that tho phob)gni- 
phic results represent pretty accurately the true relai.ivo 
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luminosity of dilTerent parts of the moon to answer this 
question at oneo in the affirmative, 

It seoma to aceorcl with this view, that the greater 
darkness of the floor of Plato agrees with the time when 
the sun attains his greatest elevation above the level of. 
the floor. For if the action of the Bun were the cause 
of the darkening, we should expect the greatest effect 
to appear some couBiderablo time after the sun had cul- 
ininated (as supposed to be seen from the floor of Plato), 
We know that on our own earth all diurnal solar effoets, 
except those which may bo described us optical, attain 
their maximum after the sun has reached ius highest 
l)oint on the heavens, while all annual solar effects 
attain their maximum after midsummer. If an observer 
on Venus could watch the forests of our north tempeiato 
zones as they became clothed with vegetation, and were 
afterwards disrobed of their leafy garment during the 
progress of the year, it would not be on the 2l8t of 
June that ho would recognise the most abundant signs 
of vegetation. In July and August vegetation most 
richly clothes the northern lands of our earth. It is 
then also that the heat is greatest ; that is the time of 
true midsummer as distinguished from astronomical 
midsummer. And in like manner the true heat-noon 
is at about two o’clock in the afternoon, not at the 
epoch when the sun is highest, or at astronomical noon. 
The difference in either case amounts to about one- 
twelfth part of the complete period in question : in one 
case wo find the maximum of heat a month or twelfth 
part of the year after the time of the sun’s greatest 


290 


COMDITIOS OF TUB MOON’S StlHFA(!S5« 

northerly declination ; in tho other wo (iiid the tiine i*f 
greatest heat two hours, or one-twcdltli pint of a 
after the time of tho sun’s greatest elevation. II 
take a corrcspoiuling portion of tiw lunar montli, w? 

• find that the greatest eiroct of any solar aetion <ui llo< 
floor of Plato might be oxpectiid to take plaoe alaait- 
two and a half days after the sun hud iittuiiied liiu 
greatest elevation. This nppeara to show that oil I o r 
the etfeot ia physiological, or that it is purely an opt iral 
peculiarity — that is, due to the inauner in wliiidi Iho 
light falls on a surface of peculiar cumliguriiticni. 

It does not appear to mo, I nuvy roinark Airth<*r, t hiH. 
the occurrence of real variations in the (joinlition of 1 1 mi 
spots upon the floor of Plato hus boon (hnnonstraliMt. 
It has been ascertained that soma of tlioso iiro at <inn‘H 
relatively darker or brighter than at otlua*H, and ilml. 
this is not a mere physiological oflfoet is pvov<Kl l>y Him 
fact that the result has been obtained by (soinpnrin^y 
the spots inter 8e, Novcrtlieloss it nuint not la^ for-- 
gotten how largely the prosoiUation of tlie floor of Plat^ 
towards the terrestrial observer la ndheteil by li brat ion, 
now tilting the floor more fully towards the obnm'vi'r 
and presently tilting it away from him; at* one 
tilting the floor eastwards, at anotlior westwards, ainl 
at intermediate periods giving every intormodiaN^ 
variety of tilt 5 these changes, moreover, having tlidr 
maximum in turn at all epochs of tho lunubion* Cmn- 
bining this consideration with the circniustnnco Hint 
very slight variations in the prcscntiUion of a llulti^h 
surface will cause certain portions to appear rolativoly 
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dark or relatively light, it appears to me that a case 
has not yet been made out for real selenographical 
changes as the interpretation of these phenomena. Let 
us consider this point more closely. In all terrestrial 
comparisons to determine processes of change, the 
observer or experimenter is careful always to keep the 
circumstances unchanged under which the object of 
research is examined. If he desired to ascertain 
whether some distant and (let us say) inaecessihle sur- 
face underwent changes, he would, to speak plainly, bo 
careful to look at that surface in the same way through- 
out Ins experiments, and also to select occasions when 
the atmosphere was in some given condition. 

Now, first, the conditions under which any lunar 
object is observed necessarily change with the progress 
of the lunar day. As the sun gradually rises higher 
and higher above the hoi'izon of any lunar place, the 
shadows not only decrease in length, but shift in direc- 
tion ; and ns the sun passes down again towards the 
horizon, the shadows, though they increase again in 
length, are yet thrown in quite a different direction 
from that in which they fell in the earlier part of the 
day. The effect of such changes will depend partly on 
the nature of the surface; but all parts of the moon’s 
surface where one would look for changes due to vol- 
canic action, or to the effects of expansion and contrac- 
tion, would be certainly very mueh affected by changes 
of illumination. Thus it is found that the whole aspect 
of a lunar region at morning time differs from its noon 
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aspect, and its noon aspect again from tlui aspetd; It 
presents when its cveiiiiinr is in progress. Wo (!an ( uho 
the diurnal changes into account in auccoKsivo hmilh 
because (weather permitting) wo can obs(?rvi? any given 
lunar region repeatedly at about tlio samt.) hour ol tbn 
lunar day. But we cannot do this with pe?rfi?ct OKwi- 
ness; for the lunar day — that is, the lunation— iu not 
commensurable ^yith our day. Since on<3 lunation in 
fact contains approximately 29*53 of our moan 
we see that if any lunar feature is ol)Horv(?(l in n givoia 
part of our sky, at a given liiimr hour in one huuition, 
then, in the next lunation, that part of the hniiir <luy 
will correspond to a time wlien the moon is nearly li^ 
hours of diurnal rotation from that part of tlu> nlcy^ 
For instance, if true full moon occurs at luidnight in 
one lunation, so that a place on the mooii*H central uni** 
ridian is observed at its noon and at our mulniglit, tlioii, 
in the next lunation, the noon of that place will ocunir 
nearly at our mid-day, and the moon was ou the 
meridian about half a day of our time before, or will lui 
on the meridian about half a day of our time aftiir, tho 
time of true noon for places on the central meridian (d* 
the moon ; in half a day of oui* time a place on tho 
moon undergoes a considerable change of illuininntion* 
Since two lunations amount to 69*06 dayp,-^that ifi, to 
59 days and nearly an hour and a half,— wc see that, in 
the next limatiou but one, there will bo a Tniioh S!null<!r 
ditiereuce ot illumination if any lunar region is obsorvoU 
at almost the same hour of terrestrial time ; for an lioiir 
and a half of our time corresponds to only about threo 
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minutes of lunar time/ and, as we know, the sun's posi- 
tion does not change much in three minutes. But 
then a great change will have taken place in the moon’s 
diurnal course, simply because the moon’s position with 
respect to the equator, at any given phase, varies as the 
sun’s does (somotimes more, sometimes less, according 
to tho position of the nodes of the moon’s orbit, but 
always to a considerable degree), since the inclination 
of the moon’s orbit to the equator is never less than 
18^; accordingly a long time elapses before there is a 
close approacli to identity in the lunar and terrestrial 
conditions under which a lunar region is observed. 

And It is to be noted that when, so far as the moon’s 
motion in her orbit is concerned, there would otherwise 
be a close approach to identity in the conditions, the 
continual change in the inclination of the orbit causes 
a marked dilference in the elevation at which the moon 
is seen above the horizon. 

If wo add to these considerations the fact that the. 
moon 1ms seasons, though they are not very marked, 
and that the sun’s elevation at lunar noon thus varies 
through an arc of about 3®, we see that a very long in- 
terval must elapse before there is any very near approach 

' ainoo tho lunar dixy contnina 20'fiS of our days, it follows that 
tlio liintir liour, or tho 2‘Uh part of tho day, corresponds to 1-23 
lorroMlriul day, or 20T>ft torrcslrinl hours. Again, ono terrestrial 
day corruspoiids to 1 4 * 20*53 oil a lunar day, or to rather less than 
408. of lunar timo supposed to bo divided ns ours (that is, the 
day into 21 equal parts, to bo called lunar hours, tlio hoiu- into 
(10 ininutoH, and llio minute into CO seconds). These two relations 
are sudielent for the ready comeibiou of Icn'eBlriol into lunar iiiiio 
and rit}0 vendt 
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portunce of the effects due to such libration. For it is 
manifest that the region about 0 cannot be very much 
uffectecl ill appearance by being shifted even to the 
point A, or to Gr, or to G or to A' — that is, to its maxi- 
mum amount, If we were looking at the summit and 
slopes of any lulls or craters, when the central region 
was at Oj wo should also be looking at those summits 
and slopes when the region was at A, G, G', or A % — • 
unless, indeed, the slopes were exceedingly steep. 

Of course the two opposite slopes of a ridge (sup- 


Pig. 81. 



pose) would be seen in different proportion at A, G, G', 
and A', and if they were differently tinted, a different 
effect would bo produced, whether we could see such 
slopes separately or not. 

Thus if such a ridge as A B G (fig. 34) were looked 
at directly when at 0, we should see the slopes A B, 
B C, of apparently equal width, as shown by the equality 
of 1) 15 and IS F drawn square across the parallels from 
A, B, and C towards the eye ; whereas, if the base A C 
were inclined to the position a o or a' o', we should in 
one ease see b o the wider, and in the other see a' b' tlie 
wider, as shown by the inequality of the lines d e /, 
and d' e', e' f\ Such changes would necessarily produce 
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some effect 5 and the effect might be clecopti^•e, mul 
indicate change where there had been no chan go j if ^ 
surface were covered with ridges such as A too 

minute to be individually discernible, and having tho 
side towards 0 darker or lighter than tho side towards 
A. The same would hold also if the slopes A B mul 
B G were not, as in the imagined case, inclined eipially 
to the base A 0. 

But it will be manifest that these effecte, though 
they might be appreciable, would beinsigniflcnut com- 
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pared with those which librntion might produce, 5n 
certain circumstances, on points at a considerable dirt- 
tance from the centre of the disc* Thus, take ttiieli a 
case as is illustrated in fig* 35, where a ridgo, A li C, 
instead of being looked at squarely, is viewod at nn 
angle of 40®, corresponding to a j)03itioii removed 
from 0 in fig* 28* Then lines being drawn from A B C, 
and, at an angle of 40®, to A C, and parallel linos from tho 
corresponding points of the same ridge tilted on cithor 
side of its mean position as before, we see that tlio in- 
equality between DE and E F is much less than tlmb 
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betwoon d e and e f, and much greater than that between 
d' e' and e' f. The effects of libration may thus be 
very considerable indeed on places considerably removed 
from 0 (fig. 28). It is indeed clear that places which, 
when the moon is in mean libration, are near the lunar 
limb, but not near enough to be carried actually out of 
view, must bo very importantly affected, since d e (fig. 
35) would vanish altogether with a slight reduction of 
the angle at which the parallels of the figure are inclined 
to A 0. 

Eemcmbering that every point of the visible lunar 
hemisphere undergoes libration, and that in every lunar 
month there is a complete oscillation of the point 0 
over a certain libration-ellipse, which is continually 
varying in different months as well in position and size 
as in the direction in which it is traversed, while the 
maximum libratory effects (always considerable) are 
attained at different epochs in different lunations, we 
see that we have here a very important cause of changes 
of appearance. It is utterly impossible that any surface 
like tho moon’s could, as a whole, undergo such remark- 
able librations without some noteworthy changes of ap- 
pearance being produced, even without those changes 
of illumination which have been referred to above. 
Further evidence on this point will presently be cited. 

Now the cycle of libratory changes for the moon, 
regarded without reference to her phases, is a long one. 
It amounts, on tho average, to almost exactly six years ; 
and wo may say that the same libratory condition is 
not restored until this period has elapsed. Ihere are 
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momentary coincidcnccB of iiosil ion, but. Mk'Ho ],..«! I ioiiH 
are arrived ufc, and pasHod nwiiy from, in ditlbrenl. wayM, 
until at tlio end of tlio long llio simm H.-rira of 
changes is rccomiiKnicdd. .But HiiH is not. all. ^ o 
must consider 2 >tose in this iiuiuiry } iiidoed, it in (hn 
most important eonsuhn'utioii of all. Now, the six -yoiu ly 
period brings bade the Hiime lihnitiu'y foudition, luit 
not the same phase when given liliration elleeta ave 
produced. This is imuiifeHt if wa (Minsider llml. Ihn 
node regredes only 19“ 21' per annuiu, and theref.uo in 
six years regredes little more than IKi , hiiving, tlioio-* 
fore, a totally different position with n-speet to rndip- 
tical longitude. In two si-x-yearly periods it regnsh'S 
rather more than 233“, or lias still a tolully dill'erent 
position. In three six-yearly porinds it rogrcdi's !MH“ 
23' 24", or is now 11“ 30' 3(1" from its lirst postl inn. 
This is the nearest approach, Tim hun th, lil'di, mid 
sixth six-yearly periods bring tlm node to 23" 13' 12" 
from its first position. Wo may cull this a si'rond 
eighteen-yearly period. Ton suoli I'iglitecn-yourly 
periods bring the node 110“ 0' from its lirst po.sil.ion, 
and one other six-yeaidy period then lirings it into nil 
but perfect coincidence wilhits first poHilioii, Hut IHll 
years have then elapsed, and though the coiiditioiiM urn 
nearly reprodxroed so far as libralioii is coneerimd, llm 
astronomer who made n first scries of oliHorvations at 
the beginning of this period is not nlivo to repeat Llmm 
under like conditions, even if like eondilions ex i sled. 
Even this, however, is not tho case absolutely, siiieo 
the lunation would bo in anolhev part of its progroHs at 
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givoii sGASOii of tlic yoJU’j tit the end of tlio long 
pei'iod named. 

Of course I would not have it understood that tliero 
is not, witliin inucli shorter periods, an approach to the 
restoration of given relations. Two or three times, 
perhaps, in ton years, any given feature in the moon 
may be seen under conditions so nearly alike as to pro- 
duce a great similarity of aspect j and if the weather is 
favourable on such occasions, a legitimate comparison 
may bo instituted for the purpose of ascertaining if any 
change has token place. Hut it may safely bo asserted 
that the opportunities presented during the life of any 
single astronomer for a trustworthy investigation of any 
portion of the moon’s surface, under like conditions, are 
few and far between, and the whole time so employed 
must be brief, even though the astronomer devote many 
more years than usual to observational research. 

Nevertheless it cannot be insisted on too strongly 
that it is from the detailed examination of the moon’s 
surface that we can now alone hope for exact informa- 
tion as to its present condition and past history. I 
would even urge, indeed, that the detailed examination 
at present being carried out is nob sufliol<3iitly exact in 
method. I should be glad to hear of such processes of 
examination as were applied by Mr. Dawes to the solar 
spots. In particular it seems to m(J most important 
that the physiological effects which render ordinary 
telescopic observation and ordinary oyo-ostimates of 
size, brightness, and colour, dcc(;ptivc, should bo as 
far as possible eliminated. This might ho done by so 
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arranging the observations that the conditions under 
which each part of the moon should bo studied miglit 
be as far as possible equalised during the whole pro- 
gress of the lunation. Thus, returning to the case of 
the floor of Plato ; this region should not be examined, 
whether when Plato is near the terminator or at the 
time of full moon, with the rest of the moon’s disc or 
large portions of it in the field of view ; the eye of 
the observer should bo protected from all light save 
that which comes from the floor itself • and moreover, 
the artificial darkness i)roduced for this purpose sliould 
be so obtained that the general light of the full moon- 
light should he excluded as well as the direct light from 
the disc. Then differences of tint should be carefully 
estimated either by means of graduated darkening- 
glasses, or by the introduction of artificially illuminated 
surfaces into the field of view for direct comparison 
with the lunar region whose brightness is to bo deter- 
mined. 

When observations thus carefully conducted are 
made, and when the effects of libration, as well as of 
the sun’s altitude above the lunar regions studied, aro 
carefully taken into account, we should bo better able 
than we are at present to determine whether the moon’s 
surface is still undergoing changes of configuration. 
I cannot but think that such an inquiry would be 
made under more promising circumstances than those 
imagine who consider that the moon’s surface has 
reached its ultimate condition, and that therefore the 
search for signs of change is a hopeless one. So far 
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am I from considering it nnliUely that tbo moon’s 
enrface is still undergoing change, that, on tho con- 
trary, it appears to me certain that the face of m 
moon must be undergoing changes of a somewhat re- 
markable nature, though not producing any results 
Tvhich are readily discerned with our imperfect tclesoopio 

It is not difficult to show reasons for believing 
that the face of the moon must bo changing more 
rapidly than that of our earth. On the earth, indeed, 
we have active subterranean forces which may, per- 
haps, be wanting on the moon. On the earth, again, 
we have a sea acting constantly upon the shore,— here 
removing great masses, there using the ddMs to heat 
down other parts of the coast, and by the mere effect 
of accumulated land-spoils acquiring power for fresh 
inroads. We have, moreover, wind and rain, river 
action and glacier action, and lastly, the work of living 
creatures by land and by sea, while most of these causes 
of change may be regarded as probably, and some as 
certainly, wanting in the case of our satellite. Never- 
theless, there are processes at work out yonder which 
must be as active as any of those which affect our 
earth. In each lunation, the moon’s surface undergoes 
changes of temperature which should suffice to disinte- 
grate large portions of her surface, and, with time, to 
crumble her loftiest mountains into shapeless heaps. 
In the long lunar night of fourteen days, a cold far 
exceeding the intensest ever produced in terrestrinl 
experiments must exist over the whole of the unillu- 
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minuted hemisphere 5 and under tlio in flue 11 co of thin 
cold all the substances composing the moou^s crust 
must shrink to their least dimensions— not fill equally 
(in this we find a circumstance increasing tho energy 
of the disintegrating forces), but each according to 
the quality which our physicists denominate the co- 
efficient of expansion. Then comes on tho hnig lunar 
day, at first dissipating the intense cold, tlion gradually 
raising the substance of the lunar crust to a higher and 
higher degree of heat, until (if the inferenGOS of our 
most skilful physicists, and the evidence obtained from 
our most powerful means of experiment can bo trusted) 
the surface of the moon burns (one may almost say) 
with a heat of some 300® F. Under tins tremendoiTs 
heat all the substances which had shrunk to their least 
dimensions must expand according to their various 
degrees; not greatly, indeed, so far as any small 
quantity of matter is concerned, but to an important 
amount when large areas of the moon’s surface are 
considered. 

Eemembeving the effects which take place on our 
earth, in the mere change from the frost of winter 
to the moderate warmth of early spring, it is diffi- 
cult to conceive that such remarkable contraction and 
expansion can take place in a surface presumably 
less coherent than the relatively moist and plastic sub- 
stances comprising the terrestrial crust, without gra- 
dually effecting the demolition of the steeper lunar 
elevations. When we consider, further, that these pro- 
cesses are repeated not year by year, but month by 
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month, and that, all tlie circumstances attending thorn 
are calculated to render them most effective because so 
slow, steadfast, and uniform in their progression, it 
certainly does not seem wonderful that our telescopists 
should from time to time recognise signs of change in 
the moon’s face. So far from rejecting these as incre- 
dible, we should consider the wonder rather to be that 
they are not more commonly seen, and more strihing 
in their nature. Assuredly there is nothing which 
should lead our telescopists to turn from the study of 
the moon as though it were hopeless to seek for signs 
of change on a surface so desolate. Rather they should 
increase the care with which they pursue their observa- 
tions, holding confidently the assurance that there are 
signs of change to be detected, and that in all proba- 
bility the recognition of such change may throw an 
instructive light on the moon’s present condition, past 
history, and probable future. 
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TABLE ly, 

ELUiriiJNTfl 03? Tiii'i Moon. Epook, Januat^y 1, 1801, 
{BuHICb equatorial diameter i$ taJcen as 7926’8 «ii7cs.) 


Menu lonpjitudo of moon at epoch 

Ditto node . , . « 

Ditto povigeo . . . . 

Mean distaiico from the earth (oavlh'a radius 1) 

Same in miles ^ ^ 

Maximum distance in miles (maximum occontricity) 
Miniiiuun do, do, do, do, 

Mean eccentricily of orbit « • 

Maximum do 

Mininmin do, , . . • 

Moan equatorial horizontal lunar parallax 
Maximuin do, do. , » 

^Hnimiim do. do. , 

Aloon’s mean apparent diameter , * 

Moon’s maximum do, . • 

^loon's minimum do. , . 

A [oon ’a diameter in miles , . « 

jroojr’d surface in square miles . ♦ 

Moon’s diameter (earth’s equatorial diameter as IJ 
Earth’s equatorial diameter (moon’s as 1) 

Moon’s siuTaco (earth’s as 1) . 

Eurlh’s surface (moon’s as 1) 

Moon’s volume (earth’s as 1) ♦ 

Earth’s voluino (moon’s as 1) • # 

Moon’s mass (earth’s as 1) • • 

Earth’s mass (moon’s ns 1) , ♦ 

Density (earth's ns 1) . » * ♦ « 

Density (water’s as 1, and earth’s assumed = 
Gravity, or weight of one terrestrial pound , 
Dodies fall in one second in feet . , « 

Moan inclination of orbit , , ♦ ♦ » 

Maximniu do. do. . • • * • 

Minimum do. do, » • . • » 

Inclination of axis • • ♦ • • 


118 

18 

200 ' 


17' 8"*3 
C3' 17"*7 
10' 7"-6 
00*2034 
§38,818 
252,948 
221,693 
0*06490807 
0000 
0'0J4 
67' 2"*7 

r 1'28"*8 

53' 51"‘6 
81' 6"*l 
33' 30"*1 
20' 20"*9 
2169*0 
14,000,000 
0*2726 
3*070 
0-0742 
13*471 
0*0202 
49*441 
0*01228 
81*40 
0 00730 
8*40 
0*10647 
2*06 
6 ° 8 ' 
6° 13' 
6 ^^ 8 ' 
1^ 30'li"*3 
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lunar elk^iknts. 


Synodical revolution inda^a • ♦ 

Sidereal do* do. « . • 

Tropical do, do. . 

Anomalistic cio. do 

Kodical do. do, ♦ • * ^ 

Maxim inn evection » • • * 

IMaxiimun variation * • ♦ • / 

'Maxiniuni annual equation , • • * 

Jlaxiraum libration in lalit.ude . . • • 

Ditto do. in longitude , . * 

islaximura total lib'atioTi (from cavth 8 mm>) * 


Maximum diuiml novation ♦ * * » .wj. 

SiuTaco of moon novor Boon (vvliolo fls 10,O0U, niul 

diurnaUibmtioii negU'Cted) 

Surface seen at ono time or othor do. do. 
Ditto* do* novor eoon if diiu'iiul hbviv 

tion be taken into account « • * ♦ 

do, Bcou 'at oiiG time or othor do 

I^Iean revolution of nodes (rotrogrudo) in daya ♦ 
Ditto do. do, ill years ^ 


Mean regi’ossioii of nodes per annum ^ 

Mean regression of nodo hotwoun succoflsivo coir 
junctions oT sun and riaiiig nodo * • * 

Jlean interval bolween such conjunctions in cloys < 
Menu revolution of perigee (advancing) in dnyfl . 
Ditto do* in yoava 

!Mean advance of perigee per amiu in . 

llillo do, between Biiceessivo con* 

junctions of sun and porigeo * * ♦ 

Mean interval between such conjunctions in days 


an-niioriii 

07.0 

ID Iti"!) 

(r 

i(y‘ icr 
1® M 


-I I ns 

bHO:) 

dill 
, nsHU 
(mijuiiii 
iHnuir? 

10^ 21/ 

18^213^ 

fiilvdov 

B’Hnuri 
do°40' ar^ 1 

45^^ OV 
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